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1.0 INTRODUCTION 

This report presents the Final Natural Attenuation Evaluation (NAE) for impacted groundwater 

at Operable Unit (OU) No. 21 (formerly OU 9), Site 73 - Amphibious Vehicle Maintenance 

Facility, located at Marine Corps Base (MCB) Camp Lejeune, North Carolina. It has been 

prepared by Baker Environmental, Inc. (Baker) for the Atlantic Division, Naval Facilities 

Engineering Command (LANTDIV) in accordance with the natural attenuation guidance and 

protocols published by United States Environmental Protection Agency (USEPA, 1997 and 

1998a), the North Carolina Department of Environment and Natural Resources (NC DENR, 

1995) and the Air Force Center for Environmental Excellence (AFCEE) (Wiedemeier et. al. 1995 

and 1996). 

Camp Lejeune was placed on the Comprehensive Environmental Response, Compensation, and 

Liability Act of 1980 (CERCLA) National Priorities List (NPL) effective November 4, 1989 

(54 Federal Register 410 15, October 4, 1989). Subsequent to this listing, the USEPA Region IV, 

NC DENR, the United States Department of the Navy (DON) and the Marine Corps entered into 

a Federal Facilities Agreement (FFA) for Camp Lejeune. The primary purpose of the F:FA was 

to ensure that environmental impacts associated with past and present activities at the 13ase are 

thoroughly investigated, and that appropriate CERCLA response and Resource Conservation 

Recovery Act (RCRA) corrective action alternatives are developed and impleme!nted as 

necessary to protect the public health and welfare, and the environment (MCB Camp Lejeune 

FAA, 1989). 

The scope of the FFA included the implementation of a remedial investigation/feasibility study 

(RVFS) at several Operable Units (OUs) throughout Camp Lejeune. At OU 21, the subject of 

this evaluation, the RI process has been completed and the FS is still in progress. Findings from 

this NAE will be used to develop the remedy for Site 73 that will be presented in the final FS. 
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1.1 Definition of Natural Attenuation 

The USEPA defines natural attenuation as (Wiedemeier et. al., 1996): 

“...naturally-occurring processes in soil and groundwater environments that act without 

human intervention to reduce the mass, toxicity, mobility, volume, or concentration of 

contaminants in those media. These in-situ processes include biodegradation, dispersion, 

dilution, adsorption, volatilization, and chemical or biological stabilization or destruction 

of contaminants.” 

In comparison to conventional engineered remediation technologies, natural attenuation is 

advantageous because: 

. Contaminants are ultimately transformed to innocuous byproducts (e.g., carbon dioxide 

and water for fuel-related contamination and carbon dioxide, ethene or ethane, and water 

for chlorinated solvent-related contamination), not just transferred to another media or 

location within the environment; 

Natural attenuation is nonintrusive and allows continuing use of infrastructure during 

remediation; 

Natural attenuation does not generate remediation wastes; 

Engineered technologies can pose greater risk to potential receptors than natural 

attenuation when contaminants are transferred into the atmosphere during remediation 

activities; 

Natural attenuation can be used in conjunction with, or as a follow-up to, other active 

remedial measures; 

Natural attenuation requires no maintenance and is not subject to equipment failure; and 
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. Those compounds that are most mobile and toxic generally are the most suscelptible to 

biodegradation. 

Natural attenuation has the following potential limitations: 

0 Natural attenuation is subject to natural and anthropogenic (i.e. human induced) changes 

in local hydrogeologic conditions including variations in groundwater velocity, pH, 

electron acceptor and donor concentrations, and potential future releases; 

0 Time frames for complete remediation may be relatively long; and 

. Intermediate byproducts of biodegradation (e.g., vinyl chloride) can be more toxic than 

the original contaminant. 

1.2 Obiectives 

The objective of this evaluation is to determine if natural attenuative processes at Site 73 can 

reduce groundwater contamination to levels that are protective of human health and the 

environment. 

According to AFCEE (Wiedemeier et. al., 1996) in order to support remediation by natural 

attenuation, one must scientifically demonstrate that attenuation of site contaminants is occurring 

at rates sufficient to be protective of human health and the environment. AFCEE recommends 

that two of the following three lines of evidence are developed: 

1) Observed reduction in contaminant concentration along the flow path downgradient to 

the source. The purpose of this line of evidence is to determine if any current pathway to 

the receptor is complete and to note the presence of daughter products. 

2) Documented loss of contaminant mass at the field scale using: 

a. Historical contaminant data to demonstrate plume stability and/or loss of 

contaminant mass over time; 
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b. Chemical and geochemical analytical data including: 

decreasing parent compound concentrations (i.e., benzene, toluene, ethyl 

benzene, and total xylene [BTEX] and trichloroethylene [TCE]); 

increasing daughter compound concentrations (i.e., cis-I ,2-dichlorethene 

[cis-1,2-DCE] and vinyl chloride[VC]); 

depletion of electron acceptors and donors (i.e., sulfate); 

increasing metabolic byproduct concentrations (i.e., iron (II), methane, 

chloride and alkalinity). 

C. Biologically recalcitrant tracers (e.g., chloride or trimethylbenzene) or 

contaminant concentrations along a flow path along with various aquifer 

properties, (e.g., hydraulic conductivity, retardation factors), to demonstrate a 

reduction in contaminant mass. 

3) Microbiological laboratory or field data that support the occurrence of biodegradation 

and give rates of biodegradation. 

The scope of this report is limited to the first two lines of evidence. 

1.3 Report Orpanization 

This NAE report is organized in 6 sections. The introduction (Section 1.0) presents the purpose 

of the NAE and pertinent background information. The natural attenuation field program is 

reviewed in Section 2.0. Physical characteristics of the study area are described in Section 3.0 

and Section 4.0 presents the nature and extent of contamination. Evidence for natural 

attenuation, including historical trends, chemical and geochemical analyses, the calculation of 

biodegradation rates, and the results of groundwater modeling is presented in Section 5.0., and 

Section 6.0 presents the conclusions and recommendations of the NAE. 
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1.4 Site 73 Backmound 

This subsection presents a summary of pertinent information concerning the site setting and 

history. 

Camp Lejeune is located in Onslow County, North Carolina near the city of Jacksonville and is 

comprised of approximately 234 square miles, bisected by the New River. A map showing the 

location of Camp Lejeune and Site 73 within the MCB is given in Figure l-l. A map of Site 73 

is given in Figure 1-2. 

1.4.1 Operable Unit Description 

Operable Units were formed as an incremental step toward addressing individual site (concerns 

and to simplify the specific problems associated with a site or a group of sites. OU No. 9 

included the Amphibious Vehicle Maintenance Facility (Site 73) and Engineer Dump Area (Site 

65). Both sides are located in the Courthouse Bay area of MCB, Camp Lejeune. The area is 

accessible via Marine’s Road and North Carolina Route 172. In 2001, OU 21 was formed, 

consisting solely of Site 73. 

1.4.2 Site Location and Description 

Site 73 is situated within the boundaries of the Amphibious Vehicle Maintenance Facility located 

in the Courthouse Bay area of MCB Camp Lejeune. The site is roughly bounded by State 

Route 172 (Sneads Ferry Road) to the north, Courthouse Bay to the south, and unnamed 

tributaries of Courthouse Bay to the east and west. Courthouse Road, which bisects t.he study 

area, is used to enter the complex. The terrain is primarily flat. Stormwater run-off tends to 

drain directly south to Courthouse Bay or to two small-unnamed tributaries located east and west 

of the facility, ultimately discharging to Courthouse Bay. A broad marshy area is associated with 

the western tributary. Directly north of the site is another large marsh and a stream that 

discharges north into the New River. The latter marsh is separated from the site by Stalte Route 

172, which represents a local topographical high and surface water runoff divide. 
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The study area consists of numerous buildings, aboveground storage tanks (ASTs), underground 

storage tanks (USTs), vehicle wash racks, and oil/water separators. Most of the USTs are or 

were located (some USTs have been removed) within the fenced area around Building A47. 

Non-petroleum type wastes are routinely handled at an active Hazmat Storage Area located near 

UST A47/3. Other USTs are or were located near Buildings Al, A2, and AlO. The RI (Baker, 

1997) contains profiles of the various USTs. 

1.4.3 Site History 

The Amphibious Vehicle Maintenance Facility started operations in 1946 and is still active. 

Available information indicates that an estimated 400,000 gallons of waste oil was discharged 

directly onto the ground surface at this facility, primarily near Building A47. In addition to the 

waste oil, approximately 20,000 gallons of waste battery acid was also reportedly disposled in the 

area northeast of A47. The waste battery acid was poured into shallow hand-shoveled holes, 

which were immediately backfilled. Neither area of disposal is visually apparent. Much of the 

area where waste disposal reportedly took place is covered with concrete, building and/or roads. 

A previous report (Law-Catlin, 1993) indicated that solvents may have also been disposed at this 

site although no specific disposal locations or dates were identified. 

1.4.4 Summary of Previous Site Investigations 

Previous environmental investigations at Site 73 date back to 1983. A listing of them conducted 

prior to Baker’s involvement at the site is provided below. 

. Initial Assessment Study (WAR, 1983) 

0 Confirmation Study (ESE, 1990) 

. UST SA-21 Investigation (ATEC, 199 1) 

. UST A47/3 Investigation (GSI, 1993) 

. UST A47/3 Investigation (Law-Catlin, 1993) 

Baker Environmental, Inc. (Baker) performed additional investigations on UST SA-21 in 1992 

and 1993. In addition, an Aerial Photography Review was conducted by Baker in 1993, the 
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results of which are included in the Remedial Investigation (RI) Report (1997). Recent 

investigations/studies conducted by Baker include: 

a Preliminary Investigation (1994, included in the RI) 

. Remedial Investigation/Feasibility Study Work Plan (1995) 

0 Remedial Investigation Report (1997) 

e Feasibility Study (1998a) 

a Groundwater Modeling Report (1998) 

The results of the above investigations/studies have been summarized in each document 

previously prepared by Baker and, consequently, are only referenced in this section. Appendices 

A and B contain the Executive Summaries from the Final RI (Baker, 1997) and the Final 

Groundwater Modeling Report (Baker, 1998). 

A Supplemental Groundwater Investigation (SGI) was performed in April 1998. The 

investigation was conducted in response to requests by LANTDIV, USEPA and NC DENR to 

collect additional groundwater data and supplement the findings of the RI and to further support 

the remedial alternatives provided in the Feasibility Study (FS). The scope of work included the 

sampling of one shallow well and five deep monitoring wells. 

The groundwater samples collected during both phases of the RI were compared to those from 

the SGI to assess: 

0 Contaminant concentrations 

. If natural attenuation (i.e., TCE degradation) was evident 

8 If the extent of the contaminant plumes could be better defined, and 

0 Possible analytical discrepancies between Phase I and Phase II RI data. 

The single shallow monitoring well sampled provided evidence that natural attenuation was 

occurring. DCE concentrations decreased across all three events (with the last event showing 

non-detect) while VC concentrations increased with time. 
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The results from the deep monitoring wells showed similar results. TCE concentrations were 

seen to have decreased with time while the levels of degradation daughter products were seen to 

increase. 

It was concluded from the SGI that: 

l Natural attenuation was occurring in the surficial aquifer 

l Natural attenuation was occurring in the deeper aquifer 

. The plume in the surficial aquifer had not changed shape or size between the two phases 

of the RI and the SGI, and 

l The plumes of contamination still required further delineation to establish their e:xtent. 

The recommendation was forwarded that a Natural Attenuation Evaluation Q4AE) be performed 

at the site. This study would have the twofold purpose of: 1) collecting additional information 

related to natural attenuation (e.g., nutrient concentrations, pH, Eh, terminal electron acceptors 

and byproducts of respiration), and 2) providing the additional monitoring points to fully 

establish the extent of contamination. 

A Sample Strategy Plan for the NAE was prepared in November 1998 (Baker, 1998b). This plan 

outlined the scope of work that would constitute the NAE. The results of the invesitigations 

proposed and approved in the plan are discussed in this report. 

One of the conclusions of the original Draft NAE report for Site 73 was that the deep (upper 

Castle Hayne) aquifer required additional contaminant plume delineation and the collection of 

multiple rounds of natural attenuation parameters. To address this data gap, a letter-type work 

plan was submitted in March 2001 (Baker 2001a) for the installation of additional deep wells. 

These wells were installed and sampled in May 2001. Particulars of the field investigations and 

sampling results were provided in summary in a letter report submitted in August 2001 (Baker 

200 1 b). Full results of the deep well installation and sampling are provided in this Final NAE 

report. 
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2.0 NATURAL ATTENUATION EVALUATION FIELD PROGRAM 

This section discusses the site-specific field investigation activities that were conducted to fulfill 

the objectives identified in Section 1.0 and to address data gaps in the characterization of the 

deep aquifer. The NAE field investigation at Site 73 was performed by Baker in two phases. 

Phase I was performed in November 1998. Following a review and evaluation of the Phase I 

data, a Phase II program was implemented in May 1999. The Phase II program was intlended to 

provide additional information and data into existing areas as well as to expand the field 

investigation into newly identified areas from the Phase I program. To adequately assess the 

potential for natural attenuation, a site-wide plan of natural attenuation indicators was developed. 

As per EPA guidelines (EPA, 1998), Baker positioned five planar transects (i.e., cross-sectional 

planes cut perpendicular to the contaminant plume) across Site 73 area to provide a lbasis for 

mapping required data. Four of the planar transects (i.e., A-A’, B-B’, C-C’ and D-D’) were 

developed for the surficial unit; the fifth transect (E-E’) was developed for the Castle Hayne 

aquifer. The transects were positioned based on the results of previous investigations and to 

maximize the use of existing groundwater monitoring wells at the site. 

The EPA recommends that a preliminary site characterization be conducted as a first step to 

support natural attenuation as an adequate remedy for any site. During such an investigation, a 

dense vertical and horizontal array of groundwater samples should be collected with direct-push 

methods. These types of investigations are warranted at sites where limited information has been 

gathered regarding contaminants, geology, or hydrogeology; however, this is not the: case at 

Site 73. 

Based on a review of the first two phases of the NAE, it was determined that additional wells 

were needed in the deep aquifer to further delineate the extent of contamination and to assess the 

degree to which NA was occurring. A program of deep well installation was undertaken in May 

200 1. The scope of the deep well program and the field techniques employed are described in 

this section. 

A Remedial Investigation (RI), conducted in two phases, has been performed at Site 73, with 

extensive horizontal and vertical characterizations of groundwater and soil contamination. 

During this investigation, the areal extent of groundwater contamination and potential source 
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areas were identified. Solvent and fuel-related contaminants were detected in the upper portion 

of the surficial aquifer. The direction of groundwater flow and aquifer characteristiics were 

documented during the RI. Considering the body of information that existed., a full 

recharacterization of the site was deemed unnecessary. 

Investigative activities for the field investigation conducted at Site 73 were presented in the Final 

Sample Strategy Plan (Baker, November 1998). Investigative procedures and methodologies 

employed for the field investigation (i.e., well installation methods, sampling methods, health 

and safety practices, etc.) were presented in the following documents: 

0 Remedial Investigation/Feasibility Study Work Plan, Operable Unit No. 9 (Sites 65 and 

73) (Baker, 1993). 

. Remedial Investigation/Feasibility Study Sampling and Analysis Plan, Operable Unit No. 

9 (Sites 65 and 73) (Baker, 1993). 

. Remedial Investigation/Feasibility Study Health and Safety Plan, Operable Unit No. 9 

(Sites 65 and 73) (Baker, 1993). 

2.1 Phase I - NAE Field Investipation 

The Phase I field investigation was directed towards the collection of groundwater data from the 

upper portion of the surficial and Castle Hayne Aquifers. Due to site conditions, the technical 

approach to evaluating both zones differed. To investigate the upper portion of the surficial 

aquifer, Hydropunch@ groundwater samples were collected. In addition, four existing wells in 

the upper portion of the surficial aquifer were sampled. The Castle Hayne Aquifer was 

investigated by the installation of five new deep groundwater monitoring wells, and groundwater 

sampling of the new wells and three existing monitoring wells at the site. 

2.1.1 Hydropunch 

Fifteen HydropunchB locations (i.e., IR73-IS01 through IR73-IS15) were sampled during the 

Phase I investigation. These included 14 locations along the transects and one background 

location (i.e., IR73-ISOI). Parratt-Wolff, Inc. of Raleigh, North Carolina performed the 
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HydropunchB installations using a truck-mounted rig equipped for direct-push sampling. 

Groundwater samples were collected at four-foot intervals from the top of the groundwaiter table 

to the clay layer separating the surficial aquifer and the upper Castle Hayne Aquifer. Figure 2-l 

shows the HydropunchB sampling locations. Table 2-l presents the sampling locations and the 

specific groundwater sampling intervals at each location. 

2.1.2 Monitoring Wells 

Pat-rat&Wolff installed the five deep monitoring wells (i.e., IR73-MW38DW through 

IR73-MW42DW) using a truck-mounted rig. The Castle Hayne monitoring wells were installed 

as Type III wells (refer to Figure 2-2 for typical installation) with 6-inch inside diameter (ID) 

steel surface casing set in the clay layer. This casing was installed to seal the more potentially 

contaminated upper zone from the Castle Hayne Aquifer, thus eliminating the potential for 

vertical migration of contamination during drilling and well installation. Four of the five 

monitoring wells were installed as two clusters of two wells. Each cluster consisted of one well 

to a depth of 70 feet below the ground surface (bgs) and one to a depth of 110 feet bgs. ‘The fifth 

well was a single well installed to a depth of 110 feet bgs. The 70-foot depth corresponded to the 

depth from the RI where the highest level of contamination was detected. The 1 lo-foot depth 

represents the midpoint between the depth of highest contamination (70 feet bgs) and the depth 

where no contamination was detected (150-foot bgs) during the RI. Well clusters were installed 

to assess the extent of vertical contamination and horizontal contamination along the transects. 

The single 1 lo-foot well was installed to assess vertical contamination in the vicinity of existing 

well IR73-DW04. Refer to Figure 2-1 for the locations of the groundwater monitoring wells 

installed as part of Phase I. Table 2-2 presents construction information on the monitoring wells 

installed as part of the Phase I investigation. Table 2-3 presents a summary of existing 

groundwater monitoring well construction details. Appendix C contains the boring logs for the 

newly installed monitoring wells. 

Following completion of the well installations, the five new wells were developed using a 

submersible pump to remove water from the wells. Development continued until a minimum of 

three well volumes of water was removed and field parameters (pH, temperature, specific 

conductance and turbidity) equilibrated. 
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2.1.3 In Situ Slug Tests 

An attempt was made to characterize the hydraulic properties of the Castle Hayne Aquifer by 

performing in situ falling head and rising head slug tests in the five newly installed groundwater 

monitoring wells. The tests were performed on November 18, 1998. This information is 

presented and discussed in Section 3.0 of this report. 

2.1.4 Groundwater Level Measurements 

A round of static groundwater levels was collected from the monitoring wells at the site. These 

measurements were collected on November 19, 1998 from 14 wells. The measurements were 

recorded using an electronic measuring tape to the nearest 0.01 feet from the top of the well 

casing. 

2.1.5 Groundwater Sampling 

Groundwater samples were collected from the five newly installed wells and seven existing wells 

(refer to Table 2-4). Prior to sampling, the wells were purged with a low-flow submersible pump 

that maintained a flow rate of 0.25 to 0.33 gallons per minute (gpm) to reduce sediments in 

groundwater samples. During well purging, water quality parameters of pH and temperature 

readings, and specific conductance and turbidity measurements were collected for each well 

volume purged. Between each well, the pump and hose assembly was decontaminated using 

laboratory grade detergent and distilled water. Samples were collected directly from the: pump’s 

discharge hose when the following conditions were met: 

. A minimum of three well volumes were removed; 

. Three successive well volumes exhibited constant pH and temperature readings, and 

specific conductance measurements that varied no more than 10 percent; and 

. Samples exhibited turbidity measurements of 10 Nephelometric Turbidity Units (NTUs) 

or less. 
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2.1.6 Groundwater Analysis 

Groundwater samples were analyzed for various analytical parameters at the well head, by EA 

Laboratories of Baltimore, Maryland. A summary of analytical methods performed1 by the 

laboratory is presented in Table 2-4. All groundwater samples were analyzed at the well head for 

the following parameters: 

l Ferrous iron 

0 Sulfate 

l Total alkalinity 

. Chloride 

A Hach DR2010 spectrophotometer was used to analyze for ferrous iron, sulfate and chloride in 

the field. Total alkalinity per EPA Method 8203 was obtained by manual titration. 

In addition to the above identified chemical analyses, pH, specific conductance, temperature, 

turbidity, redox potential and dissolved oxygen readings/measurements were obtained in the field 

from each well. 

2.2 Phase II - NAE Field Investigation 

Based on an evaluation of the Phase I NAE data, a Phase II field investigation was planned and 

implemented. The Phase II field investigation was also directed towards the colle:ction of 

groundwater data from the upper portion of the surficial and Castle Hayne Aquifer. To 

investigate the upper surficial several HydropunchB groundwater samples and five existing well 

groundwater samples were collected. The upper portion of the Castle Hayne Aquifer was 

investigated by the installation of three new deep groundwater monitoring wells, and 

groundwater sampling of the new wells, three existing monitoring wells, and one Phase I well at 

the site. Four soil samples (from IR73-IS16, IR73-IS17, MW44DW, and MW45DW) were 

submitted to the laboratory for analysis of Volatile Organic Compounds (VOCs) and Total 

Organic Carbon (TOC). 
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2.2.1 Hydropunch 

Ten Hydropunch@ locations (i.e., IR73-IS16 through IR73-IS25) were sampled during the Phase 

II investigation. Again, Parratt-Wolff, Inc. of Raleigh, North Carolina performed the 

HydropunchB installations using a tripod assembly and a truck-mounted rig equipped for direct- 

push sampling. These 10 locations were along the transects identified in Phase I. Groundwater 

samples were collected at four-foot intervals from the top of the water table to the clay layer. 

Figure 2-l shows the HydropunchB sampling locations. Table 2-1 presents the sampling 

locations and the specific groundwater sampling intervals at each location. 

2.2.2 Monitoring Wells 

Parratt-Wolff installed the three monitoring wells (IR73-MW43 through IR73-MW45) using a 

truck-mounted rig. The Castle Hayne monitoring wells were installed as Type III wells (refer to 

Figure 2-2 for typical installation) with 6-inch inside diameter (ID) steel surface casing set in the 

clay layer. They were installed in the same manner as the Phase I wells. Refer to Figure 2-l for 

the locations of the groundwater monitoring wells installed as part of the Phase II NAES. Table 

2-2 presents construction information on the monitoring wells installed as part of the Phase II 

investigation, and on the existing wells sampled as part of the Phase II investigation. Appendix 

C contains the boring logs for the newly constructed wells. 

Following completion of the well installations, the three new wells were developed using a 

submersible pump. The existing wells to be sampled during this phase of the NAES were 

redeveloped to provide a more representative sample of current groundwater conditions. 

2.2.3 In Situ Slug Tests 

The hydraulic properties of the upper portion of the surficial and Castle Hayne Aquifers were 

characterized by performing in situ falling head and rising head slug tests in the newly installed 

groundwater monitoring wells and eight existing monitoring wells. The tests were performed on 

May 20, 1999. This information is presented and discussed in Section 3.0 of this report. 

Appendix D contains the data obtained from the successful slug tests. 
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2.2.4 Groundwater Level Measurements, Sampling, and Analysis 

A round of static groundwater levels was collected from the monitoring wells at the site. These 

measurements were collected on May 20, 1999 from 34 wells. The measurements were recorded 

using an electronic measuring tape to the nearest 0.01 feet from the top of the well casing;. These 

data were used to develop groundwater contour figures presented in Section 3.0 of this reiport. 

Groundwater samples were collected from the three newly installed wells and nine existing wells 

at Site 73 according to the methods described in Phase I. Analyses were performed on these 

samples at the well head and by Savannah Laboratories, Inc. of Savannah, Georgia. Again, all 

analyses done at the well head are described in Phase I. A summary of analytical methods 

performed by the laboratory is presented in Table 2-4. 

2.3 Additional Well Installation 

Following the submission of the Draft Natural Attenuation Evaluation Report (2000) (this 

report), and based on the recommendations in this report, it was decided to further characterize 

the Castle Hayne aquifer with the installation of five additional deep wells (73-MW46DW, 73- 

MW47DW, 73-MW48DW, 73-MW49DW, and 73-MW50DW) in April 2001 well locations are 

shown on Figure 2-1. Table 2-2 presents construction information on the monitoring wells 

installed. The boring logs are given in Appendix C. 

Five permanent deep monitoring wells (73-MW46DW through 73-MW50DW) were installed at 

predetermined locations in order to better delineate the suspected contamination (see Figure for 

monitoring well locations; test boring and well construction records are included in Appendix 

A). The permanent monitoring wells were installed between April 26 and May 2, 2001, using a 

drill rig owned and operated by Parratt-Wolff, Inc. located in Raleigh, North Carolina. The wells 

were installed using mud rotary drilling techniques. Wells were completed in the upper Castle 

Hayne aquifer at an approximate depth of 75 feet bgs. A 6 inch steel casing was installed in a 

clay confining layer (approximately 1 I’ to 22’ deep - see boring logs) in order to sep<arate the 

surficial and upper Castle Hayne aquifers. The wells were constructed using two-inch inside 

diameter (ID), schedule 40 polyvinyl chloride (PVC) O.OlO-inch screen and riser. The IO-foot 

screen length was placed near the bottom of the borehole. Graded sand was used to fill the 
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annulus between the screen and the borehole wall. Cement/bentonite slurry was placed on top of 

the sand to inhibit groundwater from a higher elevation and/or surgical water from entering the 

desired sampling interval. A bentonite/concrete grout was utilized to fill the annulus from the 

bentonite slurry to the ground surface. A flush mounted protective steel cap was placed over the 

PVC riser and cemented into place. After completion, the wells were surveyed by Lanier 

Surveying Company. The wells were developed using a Waterra pump and surging method to 

clear the sand pack of sediment, which continued until the monitored field parameters stalbilized. 

The wells were purged and sampled using peristaltic pumps on May 16 and May 1’7, 2001. 

Dedicated tubing was employed to each well for the sampling activities. A minimum of three 

well volumes was purged from each of the monitoring wells prior to sampling. Groundwater 

samples were collected using low-flow purging and sampling techniques. All groundwater 

samples were analyzed for Volatile Organic Compounds (VOCs) and Natural Attenuation (NA) 

Parameters. 

A sampling event occurred in May 2001 for these new wells and seven additional CastlIe Hayne 

wells not regularly sampled under the Long-Term Monitoring (LTM) program. The well 

installation and results of the sampling event were summarized in a letter report dated August 20, 

200 1 (Baker 200 1). 

2.4 Survey 

The site survey for the Site 73 NAE was performed in three phases. Lanier Survey Company of 

Jacksonville, North Carolina was retained to perform all tasks associated with the site survey. 

The three phases of the survey were associated with the two separate field investigations and the 

additional well installation and consisted of the same activities. For each sampling point and 

newly installed monitoring well, the latitude and longitude was determined, and the ground 

surface elevation. The top of PVC casing for the monitoring wells was also surveyed for 

elevation. Elevations were recorded as feet above mean sea level (msl). The vertical accuracy of 

the survey was within 0.01 feet and the horizontal accuracy was within 0.1 feet. All survey 

points were correlated to the North Carolina State Plane Coordinate System (NAD 83). 
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2.5 Quality Assurance and Quality Control 

Field Quality Assurance and Quality Control (QA!QC) samples were collected during the 

groundwater investigation in order to: (1) ensure that decontamination procedures were properly 

implemented (e.g., equipment rinsate samples); (2) evaluate field methodologies (e.g., field 

duplicates); (3) establish field background conditions (e.g., field blanks); and/or (4) evaluate 

whether cross-contamination occurred during sampling and/or shipping (e.g., trip blanks). Data 

quality objectives (DQOs) for the QA/QC samples were implemented in accordance wiith DQO 

Level IV, as defined in the Environmental Compliance Branch standard operating procedures 

(SOPS) and Quality Assurance Manual, (EPA Region III, 1991). The DQO Level IV is 

equivalent to Naval Facilities Engineering Science Center (NFESC) DQO Level D, as specified 

in the Sampling and Chemical Analysis Quality Assurance Requirements for the Navy 

Installation Restoration Program document (NEESA, 1988). Two rinsate blanks, one field blank 

(i.e., facility water used for deconing drilling equipment) and four trip blanks were colle.cted and 

submitted as part of the field investigation QA/QC. Field duplicate samples are identified in 

Table 2-4 for Site 73. No duplicate samples were obtained during the 5/01 sampling event. 

2.6 Field Screeniw and Monitoring 

Air monitoring and field screening procedures were implemented during drilling and sampling 

activities for health and safety, and initial contaminant monitoring. During well drilling, ambient 

air monitoring in the vicinity of the sampling locations was performed with a Photoionization 

Detector (PID) to monitor for airborne contaminants. Moreover, soil samples (i.e., surface and 

subsurface) were screened with a PID to measure for volatile organic vapor. Vapor readings 

were also collected when the monitoring well caps were initially removed during groundwater 

sampling activities. Prior to daily monitoring, the field instrument was calibrated and 

documentation recorded on a calibration form. 

2.7 Decontamination Procedures 

Decontamination procedures performed in the field were initiated in accordance with EPA 

Region IV SOPS. Sampling and drilling equipment were divided into two decontamination 

groups: heavy equipment and routine sample collection equipment. Heavy equipment includes 

2-9 



drill rigs, hollow stem augers, and drill and sampling rods. Routine sample collection equipment 

included HydropunchB samplers, and stainless steel spoons, spatulas and bowls. 

For heavy equipment, the following procedures were implemented: 

l Removal of caked-on soil with a brush 

l Steam clean with high pressure steam 

l Air dry 

For routine sample collection equipment, the following procedures were implemented: 

l Clean with distilled water and laboratory detergent (Liquinox soap) 

l Rinse thoroughly with distilled water 

. Rinse with acetone/isopropanol 

. Air dry 

l Wrap in aluminum foil, if appropriate 

A temporary decontamination pad, constructed of wood and plastic sheeting, was used to 

minimize spillage onto the ground. Decontamination fluids generated during the field 

investigation were containerized and handled according to the procedures outlined in Section 2.8. 

2.8 Investbation Derived Waste (IDW) Handling 

Field investigation activities at Site 73 resulted in the generation of IDW. This IDW included 

drill cuttings from the soil borings and monitoring well installations, well development and purge 

water, and solutions used to decontaminate non-disposable sampling equipment. The general 

management techniques for the IDW were: 

. Collection and containerization of IDW material (i.e., drill cuttings and drilling mud, 

development and purge water, and decontamination fluids) 

. Temporary storage of IDW while awaiting confirmatory analytical data 
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. Final disposal of solid and aqueous IDW material 

The management of the IDW was performed in accordance with guidelines developed by the 

EPA Office of Emergency and Remedial Response, Hazardous Site Control Division. 

The drill cuttings and drilling mud, and development and purge water along with the 

decontamination fluids generated during all phases of the field investigation were containerized; 

however, analytical results did not show contamination at a concentration that would classify the 

IDW as being hazardous. Solid IDW was placed back on the site. Aqueous IDW was tatken to a 

treatment facility and disposed of according to registered permitting. Appendix E gives the 

analytical data for the IDW. 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

This section presents a discussion of the physical characteristics of site surface features, 

chmatology and meteorology, hydrology, geology (regional and site), soils, hydrogeology 

(regional and site), land usage, ecology (regional and site), and a water supply well inventory of 

the area. This information was obtained from available literature pertaining to MCI3 Camp 

Lejeune and from the RI field activities. 

3.1 Topomaphv and Surface Features 

The generally flat topography of MCB Camp Lejeune is typical of the North Carolina Coastal 

Plain. Elevations on the base vary from sea level to 72 feet above mean sea level (msl); hlowever, 

the elevation of most of Camp Lejeune is between 20 and 40 feet msl. 

Drainage at Camp Lejeune is generally toward the New River, except in areas near the coast, 

which drain through the Intracoastal Waterway. In developed areas, natural drainage has been 

altered by asphalt cover, storm sewers, and drainage ditches. Approximately 70 percent Iof Camp 

Lejeune is in broad, flat interstream areas. Drainage is poor in these areas and the soils are often 

wet (WAR, 1983). 

The U.S. Army, Corps of Engineers has mapped the limits of loo-year floodplain at Camp 

Lejeune at 7.0 feet above msl in the upper reaches of the New River increasing downstream to 11 

feet above msl near the coastal area (WAR, 1983). A large portion of Site 73 lies within the lOO- 

year floodplain of the New River based on elevations acquired during the site survey. 

The surface of Site 73 is covered with a mix of vegetation (grasses and heavily wooded areas), 

asphalt, concrete and structures. The outer perimeter of the site is heavily wooded whereas the 

central portion of the site is covered with asphalt roads and parking areas (for personal vehicles), 

concrete parking areas (for heavy equipment), five warehouses, numerous wash basins, six 

oil/water separators, two hazardous materials storage shelters, a flammable materials storage 

shed, two maintenance buildings, four ASTs, a water tower, and numerous smaller 

facilities/shelters. The central portion is well manicured and the wooded areas on the perimeter 
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of the site are bisected by numerous tank trails and contain several areas used for troop 

maneuvers/training. 

The topography of Site 73 ranges from approximately 3 to 16 feet above msl. The topog:raphical 

high resides in the area of the water tower (well cluster 73-MW26, -DWl 1, -GWOl) and slopes 

in all directions (radially). The topographical low is located in the vicinity of the concrete ramp 

used for entrance and exit from Courthouse Bay (well cluster 73-MW15, -MW15B, -DWO4, - 

GW03). The site has numerous areas where the natural topography has been modified by man- 

made, stormwater collection systems, concrete and paved parking lots, and various structures 

located on the site. The rainwater collected in the stormwater system travels through one of the 

six oil/water separators and is eventually transported via underground piping and discharged 

along the northwestern edge of Courthouse Bay. Infiltration rates are expected to be fairly low in 

the vicinity of the buildings and parking areas; however, high rates of infiltration are expected in 

the grassy areas. 

The wooded areas along the perimeter of the site primarily experience natural drainage patterns, 

however some areas have been modified by the removal and redistribution of earth materials. 

Infiltration is high within these areas with the exception of the occasional low-lying area. 

3.2 Surface Water Hydrolow 

The following summary of surface water hydrology was originally presented in the IAS report 

(WAR, 1983). The dominant surface water body at MCB Camp Lejeune is the New IRiver. It 

receives drainage from most of the base. The river is short, with a course of approximately 50 

miles on the central Coastal Plain of North Carolina. Over most of its course, the New River is 

confined to a relatively narrow channel entrenched in Eocene and Oligocene limestones. South 

of Jacksonville, the river widens as it flows across less resistant sands, clays, and marls. At 

MCB Camp Lejeune, the New River flows in a southerly direction into the Atlantic Ocean 

through the New River Inlet. Several small coastal creeks drain into the area of MCB Camp 

Lejeune not associated with the New River and its tributaries. The New River, the lntracoastal 

Waterway and the Atlantic Ocean converge at the New River Inlet. 
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Water quality criteria for surface waters in North Carolina have been published under Title 15 of 

the North Carolina Administration Code. The following classifications were assigned to the 

New River and Courthouse Bay. 

At MCB Camp Lejeune, the New River falls into two classifications: estuarine waters not suited 

for body-contact sports or commercial shell fishing (SC) and; estuarine water suited for 

commercial shell fishing, primary recreation, aquatic life propagation and survival, fishing, 

wildlife, and secondary recreation (SA). The portion of the river that is nearest to the site, as 

well as Courthouse Bay and its tributaries, are classified as Class SA. 

Surface water in the vicinity of the site is tidally influenced and, as such, the direction of flow is 

heavily dependent on tidal oscillations. During high tide, surface water flows into the bay and 

begins to flow up the tributaries feeding the bay. However, the predominant flow at the site is 

toward Courthouse Bay and eventually the New River. 

3.3 Geolow and Soil 

3.3.1 Regional 

MCB Camp Lejeune is situated within the Tidewater region of the Atlantic Coastal Plain 

physiographic province. The sediments of the Atlantic Coastal Plain consist m’ostly of 

interbedded sands, silts, clays, calcareous clays, shell beds, sandstone and limestone. These 

sediments are layered in inter-fingering beds and lenses that gently dip and thicken to the 

southeast to a combined thickness of approximately 1,500 feet. These sediments were deposited 

in marine or near-shore environments and range in age from early Cretaceous to Quaternary time. 

Regionally, they comprise 10 aquifers and 9 confining units which overlie igne’ous and 

metamorphic basement rocks of the pre-Cretaceous age. Seven of these aquifers a.nd their 

associated confining units are present in the MCB, Camp Lejeune area (Cardinell, et. al., 1993). 

Figure 3-1 presents a generalized stratigraphic column for Jones and Onslow Counties, North 

Carolina, and geologic cross-sections of the MCB Camp Lejeune area is presented on 

Figures 3-2. 
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According to Cardinell, et al. (1993) and Harned, et al. (1989), the surficial aquifer is colmprised 

of undifferentiated deposits of silt, sand and clay of Quaternary age. The group of soils has been 

referred to as the “undifferentiated deposits.” The Castle Hayne confining unit is composed of 

silt and sandy clay averaging 9 feet thick where present. The Castle Hayne Aquifer is composed 

of 60 to 90 percent sand and limestone with clay and silt beds. Studies have determined that the 

aquifer ranges from 156 to 400 feet thick. 

3.3.2 Site-Specific 

Information regarding surface soil classifications was obtained from a study entitled Soil Survey, 

Camp Lejeune, North Carolina (Barnhill, 1984). The soils at the site are categorized into one of 

four soil complexes mapped at MCB Camp Lejeune including: Wando fine sand (WaB:), Urban 

land (Ur), Muckalee loam (Mk) or Bohicket silty clay loam (Bo). 

Surface soils in the area of the A-47 complex, located in the central portion of Site 73, are 

classified as urban land according to the Soil Conservation Service (SCS). This classification is 

reserved for soils in areas that are more than 85 percent covered by buildings, streets, parking 

lots, and other urban uses. Because of the extensive amount of development, the natural soil has 

been altered and the topography and original landscape have been changed. Nearly all of the 

precipitation results in runoff that can increase the flood hazard in adjacent low-lying areas. 

An area of the site positioned between the A-47 complex and North Carolina State Route 172, 

and the unnamed tributary to Courthouse Bay located on the western edge of the site, has been 

classified as the Wando fine sand soil complex according to the SCS. This soil is mapped over 

the majority of the site. This soil complex is typically found in areas located near the coast and 

range from 10 to 25 feet above sea level. Most of the acreage is woodland with some unsurfaced 

roads for tactical vehicle maneuvers. Infiltration and permeability is rapid, surface runoff is 

slow, and available water capacity is very low. In absence of ground cover, this soil is subject to 

erosion. 

Surface soils adjacent to the unnamed tributary located west of the site have been classified into 

two distinctly different complexes. Soils located adjacent to the northern-most portion of the 

tributary were classified as the Muckalee loam complex. This nearly level, poorly drained soil is 
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typically located in floodplains and tends to be mapped as long, narrow areas. Infiltration is 

moderate and surface runoff is very slow. Permeability is moderate and available water capacity 

is medium. This soil typically experiences flooding for brief periods of time and water ponds in 

low-lying areas on the wider flood plains for long periods during the winter. 

The other complex that comprises the soils adjacent to the unnamed tributary has been classified 

as the Bohicket silty clay loam. This very poorly drained soil is primarily mapped on ti.dal flats 

at elevations less than three feet msl. The areas where this soil type is found are colmmonly 

broad and dissected by shallow, narrow waterways. The areas are generally inaccessible and are 

used by marine and wetland wildlife. Drainage is very slow and shrink/swell potential is high. 

Soil conditions are generally uniform throughout the study area. Typically, the shallow soils 

consist of unconsolidated deposits of sand and silty sand separated by a discontinuous clay layer 

that thickens and thins across the site. These soils represent the Quaternary age 

“undifferentiated” deposits that overlay the Belgrade and River Bend Formations. Sands are fine 

to medium grained and contain varied amounts of silt and clay. Results of standard penetration 

tests performed during RI drilling indicate that the sands have a relative density of very loose to 

medium dense. Based on field observations, the sands classify as silty sand (SM) and/or poorly 

graded sand (SP) according to the Unified Soil Classification System (USCS). 

The confining clay, also originating during the Quaternary age, was described in the field as 

containing varied amounts of silt, sand and wood fragments. The relative density ranges from 

very soft to soft. Laboratory grain size analysis determined that approximately 50 percent of the 

material was clay, 34 percent silt and 16 percent fine sand. The vertical permeability was 

measured to be 2.6 x lo-’ cm/set (7.4~10’ ft/day) in the lab. 

Underlying soils are loose to very dense, greenish-gray, fine sand containing varying amounts of 

silt and shell fragments, trace (O-IO%) clay and cemented sand nodules. This soiil unit is 

typically referred to as the semi-confining unit separating the surficial aquifer and Castle Hayne 

aquifer; however, it appears that this unit is not acting as a confining or semi-confining unit at 

Site 73. Based on hydraulic head differentials, it does not appear that this unit is restricting flow 

from the surficial to the Castle Hayne Aquifer. This unit appears to be approximateky 3 to 15 
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feet thick, except in the vicinity of monitoring wells 73-DWl2/73-GW04 where this and the 

overlying units have been eroded and are absent. 

Evidence of paleochannels that cut through the Belgrade formation (Castle Hayne confining unit) 

has been documented by Cardinell(l993) and Harned (1989). Paleostream channels linking the 

Castle Hayne aquifer with estuaries and/or the surficial aquifer provide a hydraulic conduit for 

vertical and lateral migration of contaminated surface water or groundwater. 

Beneath the Belgrade resides the River Bend Formation. Although the upper portion of the River 

Bend Formation had been thoroughly investigated during the RI, knowledge of specific details 

regarding the condition of the mid to lower portions is limited. Soils comprising the River Bend 

Formation are partially cemented, white to gray, fine to coarse grained sand with varying 

amounts of shell fragments intermixed with beds of white to gray, fossiliferous limestone 

fragments containing varying amounts of cemented sand nodules and shell fragments. 

Geologic cross-sections were constructed using boring information from the RI and the NAE to 

correlate the relationships among subsurface soil beneath the site. Figure 3-3 shows the cross- 

section locations while Figures 3-4 through 3-8 contain the cross-sections themselves. 

Four sections have been located in a somewhat radial pattern across the site. This pattern was 

selected to allow the sections to be perpendicular to the groundwater flow direction in the upper 

portion of the surficial aquifer (see Section 3.4.2). It should be noted that the sections were also 

strategically placed to provide the ability to overlay contaminant occurrence and concentration 

on the subsurface geology. The end result is a three-dimensional understanding of site dynamics. 

Cross-section A-A’ (Figure 3-4) trends southeast to northwest from near Courthouse Bay, 

through Building A-47 ending at monitoring well A47/MW 16. The soils underlying this portion 

of the site consist of very fine to fine sands with occasional peat layers. The sands are 

approximately 14 feet thick in the southeast and thicken to approximately 17 feet in the 

northwest. 
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Underlying the sands is the gray confining clay between the surficial and Castle Hayne Aquifer. 

The clay unit was not found in the bottom of the shallow borings between IR73-IS03 and A47- 

MW 16 and may not be laterally continuous along the section. 

Cross-section B-B’ (Figure 3-5) trends almost due north-south across the site from near the 

washdown areas to the northernmost edge of Site 73. The section exhibits three slightly d.ifferent 

stratigraphies. 

The southern 350-400 feet of the section exhibit a stratigraphy similar to that seen on cross- 

section A-A. Very fine grained sand (to silty sand) overlays the confining clay layer. The sands 

are five feet thick on average while the clay layer is one and one-half to two and one-half feet 

thick to the point at which it pinches out somewhere between 73-MW14 and 73-MW43DW. 

Underlying the clay are the sands of the Castle Hayne Aquifer. 

The central 400 feet of the cross-section shows the semi-confining clay layer to be absent. 

Stratigraphically, the very fine sands of the top unit grade to greenish gray, silty, sand that in turn 

grades to gray to white, silty, sand with cemented nodules. 

The northernmost 100 feet of the section line evidences the return of the clay layer at a (depth of 

approximately two and one-half feet. Since the clay layer occurs at the end of the section (which 

corresponds to the edge of the site), it is not known if the clay is continuous farther north or 

whether the clay seen is a relatively small pocket. 

Cross-section C-C’ (Figure 3-6) trends slightly southwest to northeast from Courthouse Bay to 

near the “HazMat” storage shelter. Two different stratigraphies are represented in this cross- 

section. The southwestern half of the cross-section shows a considerable thickness (up to 16 

feet) of the confining clay layer. Above the clay, very fine-grained sand is present. Sornewhere 

between wells IR73-MW50DW and A47/3-8 the clay rather abruptly disappears. Where the clay 

layer is absent, and below the clay where it is present, are the sands typical of the stra.tigraphy 

seen in other portions of the site. 

Cross-section D-D’ (Figure 3-7) trends southwest to northeast paralleling the Courthouse Bay 

shoreline. The stratigraphy exhibited along this section is very similar to that seen ,in cross- 
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section C-C’ with some variations. In the southwest the confining layer is present at thicknesses 

ranging from 12 to 18 feet. Immediately below the clay is silty sand with trace clay. This unit 

grades into very fine-grained sand with traces of silt. Below this is the fine-grained sand with 

nodules that is typical of the Castle Hayne aquifer. 

The northeastern portion of section D-D’ shows a substantially different stratigraph:y. The 

uppermost unit is clayey sand approximately seven feet thick. A localized peat layer is present 

below the clayey sand in the two north easternmost borings. This is underlain by very Iine- 

grained sand with traces of silt and clay. Immediately below this is the greenish gray, very fine- 

grained sand that is continuous across the site. This unit overlies the sand of the Castle Hayne 

aquifer. The confining unit is notably absent in the northeast portion of the cross-section area. 

Cross-section E-E’ (Figure 3-8) is an east-west cross-section drawn perpendicular to groundwater 

flow in the Castle Hayne aquifer. This section shows the sub-horizontal layering of the Coastal 

Plain sediments. The confining clay layer is continuous across this section and provides a barrier 

to groundwater and contaminants from moving directly downward at this location. The 

consistent presence of shells and limestone layers likely provides the conductive zones within the 

Castle Hayne aquifer. 

In summary, the soils encountered during previous investigations within the study area are fairly 

consistent throughout the NAE and subsequent deep well installation program. Note that within 

the study area, the clay unit within the surficial aquifer thickens and thins irregularly across the 

site until it reaches the eastern portion of the site at which it discontinues. The confining; unit for 

the Castle Hayne Aquifer also behaves in the same manner as the clay unit as it thickens and 

thins, eventually discontinuing in the eastern portion of the site. There has clearly been an 

erosional event that affected the eastern portion of the site and removed a portion of the semi- 

confining unit and approximately 20 feet of the upper-most portion of the River Bend and 

Belgrade Formations. The location of the confining unit separating the surficial from the Castle 

Hayne Aquifer was encountered approximately 41 feet bgs. This is consistent with the range 

reported by the USGS, but exceeds the reported regional average of 25 feet bgs (Cardinell et. al., 

1993). 
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3.4 Hydropeoloq 

3.4.1 Regional 

The following sections discuss the regional and site-specific hydrogeologic conditions. The 

information presented on the regional hydrogeology is from literature (Hamed, et. al., 1989 and 

Cardinal, et. al., 1993). Site-specific, hydrogeologic information presented is from data collected 

during field investigations. 

United States Geological Survey (USGS) studies at MCB Camp Lejeune indicate that the area is 

underlain by sand and limestone aquifers separated by confining units of silt and clay. These 

aquifers include the surficial aquifer (water table), Castle Hayne, Beaufort, Peedee, Black Creek, 

and upper and lower Cape Fear. Less permeable clay and silt beds function as confining units or 

aquitards that separate the aquifers and impede the flow of groundwater between aquifers. 

The surficial aquifer consist of interfingering beds of sand, clay, sandy clay and silt that contain 

some peat and shells of Quaternary and Miocene age. These sediments commonly extend to 

depths of 50 to 100 feet bgs. Thickness of the surficial aquifer in the MCB Camp Lejeune area 

ranges from 0 to 73 feet, and typically averages 25 feet (Cardinelt, et al., 1993). The aquifer is 

generally thickest in the interstream divide areas and may be absent where it is cut by the New 

River and its tributaries. The clay, sandy clay, and silt beds that occur in the surficial aquifer are 

thin and discontinuous throughout. A confining unit is found in the surficial unit within some 

portions of MCB Camp Lejeune. 

Recharge to the surficial aquifer is by rainfall. The surficial aquifer receives more recharge in 

the winter than in the summer when much of the water evaporates or is transpired by plants 

before it can reach the water table. Most of the surficial groundwater is discharged to local 

streams, but some water passes through gaps in the underlying confining unit. Recharge for the 

surficial aquifer is based on an average rainfall of 52 inches per year and an average recharge of 

30 percent, or an annual recharge of approximately 16 inches per year. The remaining 70 percent 

of the rainfall is lost as surface runoff or evapotranspiration. Sixteen inches of recharge equates 

to 7,600,OOO gallons per day (gpd) per square mile or approximately 114,000,000 gpd for all of 

MCB Camp Lejeune (based on 150 square miles of recharge area). Water levels in the wells 

3-9 



tapping the surficial aquifer vary seasonally. The water table is generally highest in the winter 

and spring, and lowest in the summer and early fall. The estimated lateral hydraulic conductivity 

for the surficial aquifer is 50 feet per day (ft/d) and is based on a general composition of fine 

sand mixed with some silt and clay (Cardinal, et al., 1993). This estimated value is much higher 

than actual values at MCB, Camp Lejeune. 

Although the surficial aquifer is classified as GA (i.e., existing or potential source of drinking 

water supply for humans), it is not used as a potable water source at MCB Camp Lejeune 

because of its low yielding production rates (typically less than three gpm). 

The Castle Hayne confining unit in the MCB Camp Lejeune area is characterized. as less 

permeable beds overlying the Castle Hayne Aquifer that have been partly eroded or incised in 

places. This unit is composed of clay, silt, and sandy clay, with vertical hydraulic conlductivity 

estimates of 1.4 x 10e3 to 0.41 feet/day. The range in vertical hydraulic conductivity of the 

semi-confining layers determines the degree to which the semi-confining unit transmits flow. 

The thickness of the semi-confining unit ranges from zero to 26 feet and averages about nine feet 

where present. Figure 3-9 depicts the approximate extent of the confining clay unit at Site 73. 

This figure was obtained from the groundwater model (Baker, 1998) by delineating where the 

confining layer leakance was lower (indicating the clay layer was present). 

The principal water supply aquifer for MCB Camp Lejeune is the Castle Hayne Aquifer. This 

aquifer consists of sand, cemented shells and limestone. The upper portion of the aquifer is 

primarily comprised of calcareous sands with some thin clay and silt beds. The sand becomes 

increasingly more limey with depth. The lower portion of the aquifer is comprised of partially 

unconsolidated limestone and sandy limestone interbedded with clay and sand. Also, buried 

paleostream channels containing various deposits exist within the aquifer. The top of the aquifer 

ranges from 10 feet above sea level to 70 feet below sea level and is irregular over most of the 

northern portion of MCB Camp Lejeune. The aquifer is more regular in areas southeast of the 

New River, where it slopes southeastward. The Castle Hayne thickens to the east, from 160 feet 

in the Camp Geiger area to over 400 feet at the eastern boundary of MCB Camp Lejeune. 

Estimated transmissivity, hydraulic conductivity and storage coefficient values for the Castle 

Hayne aquifer range from 6,100 to 183,300 gpd/ft, 14 to 91 feet/day and 2~10~ to I .9x10”, 
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respectively. An aquifer pump test conducted by ESE (1988) in the Hadnot Point Industrial 

Area, using an existing water supply well (HP-642), indicates an average transmissivity and 

storage coefficient of 9,600 gpd/ft and 8.8x1 OA4, respectively (ESE, 1988). 

Recharge of the Castle Hayne aquifer at MCB Camp Lejeune is primarily received from the 

surficial aquifer. Natural discharge is to the New River and its major tributaries. The Castle 

Hayne Aquifer provides roughly seven million gallons of water to MCB Camp Lejeune. 

MCB Camp Lejeune lies in an area where the upper part of the Castle Hayne Aquifer contains 

freshwater. Saltwater is found in the bottom of the aquifer in the region and in the Ne:w River 

estuary; both are of concern in managing water withdrawals from the aquifer. Pumping the 

deeper parts of the aquifer or in areas hydraulically connected to estuarine streams could cause 

saltwater intrusions. The aquifer underlying most of the area contains water having less than 

120 milligrams per liter (mg/L) of chloride. 

3.4.2 Site-Specific 

The following sections describe the site hydrogeologic conditions for the surficial (water table) 

and Castle Hayne Aquifers underlying Site 73. Hydrogeologic characteristics in the vicinity of 

the site were evaluated by reviewing existing information and installing a network of shallow, 

shallow-intermediate, intermediate, and deep monitoring wells (during the RI stage of 

investigations). 

Groundwater was encountered at varying depths during the drilling programs. The variation was 

primarily attributed to topographical changes. In general, the groundwater was encountered 

between 1.0 and 6.5 feet bgs during, the RI field activities. This was seen again to be the case 

during the drilling for the NAE. 

Two rounds of groundwater measurements were collected during the first phase of the RI in 

1996. The groundwater contours for the surficial and Castle Hayne aquifers at that time are 

depicted on Figures 3-l 0 and 3-l 1, respectively. 
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Water levels were obtained from selected measurement points during the Long-Term Monitoring 

program implemented at Site 73. The groundwater contour map from April 2001 is provided for 

the upper surficial aquifer as Figure 3-12. Figure 3-13 shows the April 2001 groundwater 

contours for the upper Castle Hayne aquifer. 

Typically at MCB Camp Lejeune, a higher water table is observed in the winter and spring and a 

lower water table is noted in the summer and fall. According to historical rainfall data provided 

by the Naval Oceanography Command Detachment, rainfall increases throughout the summer 

with July recording the largest quantity per year on average. A decrease in amount of rain is 

usually observed in August. 

Surficial groundwater elevations and flow patterns are depicted on Figures 3-10 and 3-12. The 

data indicate that the surficial groundwater flow is radial with an average gradient of 1.32 x 10e2 

ft/ft. The groundwater contours appear to somewhat parallel the topography of the site with the 

highest groundwater elevations corresponding to the highest surface elevations. Shallow 

groundwater is suspected to discharge to Courthouse Bay (south), the eastern and western 

unnamed tributaries, and the New River (north). The steepest gradient observed at the site 

appears to be in the vicinity of monitoring wells 73-MW06, 73-MW07, 73-MW09 and 73-MW25 

sloping toward the east. This area corresponds to a relatively steep decline in ground. surface 

elevation as well as a discharge area for surficial groundwater into Courthouse Ba.y. The 

concrete pad and wall located south of Buildings A-l and A-2, provide a barrier for groundwater 

to discharge into the bay, hence the higher groundwater elevations in the wells in this area as 

opposed to the elevations recorded in wells 73-MW06 and 73-M W 15. 

The groundwater flow directions seen during the NAE in the upper surficial (Figure 3-12) 

generally confirm the information obtained from the RI. In general, groundwater flows to the 

east/southeast and discharges along Courthouse Bay. The northern area of the site exhibits radial 

pattern of flow bending to the east and southeast. The strongest area of flow curvature 

approximately coincides with the area where the clay pinches out. It is likely that the deflection 

in flow direction is due to the impact of downward flow into the upper Castle Hayne Aquifer. 

Groundwater elevations and flow patterns for the upper portion of the Castle Hayne Aquifer are 

depicted on Figures 3-l I and 3-13. Groundwater appears to flow in a southeastern direction over 
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most of the site at an average gradient of 0.001 ft/ft. Figure 3-13 shows groundwater contours 

for the upper Castle Hayne aquifer based on measurements taken during the NAE from selected 

monitoring points. The direction of groundwater flow is generally southward. Some minor 

southeastward flow is seen on the central-eastern portion of the site, 

Hydraulic conductivity tests were performed at the site on May 22 and 23, 1995 and February 26, 

1996. The geometric average conductivity recorded for the surficial unit was 1.3 ft/day (4..6 x lo- 

4 cm/set) and the geometric average for the upper portion of the Castle Hayne aquifer (below the 

confining clay) was 3.6 ft/day (1.3 x 10” cm/set). These values were calculated using the 

Geraghty and Miller, Aquifer Test Solver (AQTESOLV) program that uses the Bouwer and Rice 

(1976) method for unconfined aquifers. The average values are consistent with expected values 

of hydraulic conductivity for the well sorted fine sands observed at the site (Fetter, 1980). 

Additional slug tests were performed in the surficial unit during the May 1999 NAE. Results 

from this testing indicated on average horizontal hydraulic conductivity of approximately 12 

ft/day (4.23 x 10v3 cm/set.). These values are about an order of magnitude higher than those 

obtained during the RI (Baker 1996b). 

3.4.3 Site 73 Groundwater Flow Model Summary 

The regional groundwater discharge areas around Site 73 are the New River and all of its 

tributaries (including swamps, wetlands, and streams), many of which lie very nearly at sea level. 

The Base-Wide (BRAGS) groundwater flow model (Baker, 1996a) simulated the three- 

dimensional pattern of groundwater flow within the surficial units and the Castle Hayne Aquifer. 

The model demonstrated that discharge to the New River is the controlling factor on flow 

directions in the Castle Hayne Aquifer in the regional vicinity of Camp Lejeune. 

The Site 73 groundwater model describes the three-dimensional pattern of groundwater flow in 

and between the surficial unit and Castle Hayne aquifer. The flow portion of the groundwater 

model was calibrated to match measured head values at Site 73. The simulated water table 

contours in the surficial unit look very much like those contoured from the measured values 

(Figure 3-6). The simulated piezometric surface in the upper Castle Hayne Aquifer also closely 

resembles the measured surface in the intermediate depth wells (shown in Figure 3-7). 
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Most of the area surrounding Site 73 is a recharge area. The elevation of the upper Castle Hayne 

Aquifer is below that of the water table everywhere except very near to Courthouse Bay. This 

indicates that there is a downward component of flow over most of the site that becomes critical 

in understanding groundwater flow. 

According to pathline analysis, done as part of the overall modeling effort, groundwater in the 

surficial aquifer moves in accordance with the surficial contours for a relatively short distance 

until it can make its way downward into the Castle Hayne Aquifer. The areas where there is no 

confining unit provide the shortest path. To illustrate such movement, a particle of groundwater 

recharging the water table near Building A-47 would move northeast and then north into the area 

just northeast of Building A-47 before it reaches the bottom of the surficial unit and then moves 

into the upper Castle Hayne (there is no clay unit in this area). The particle would then start to 

flow south, southeast toward Courthouse Bay in accordance with the Castle Hayne contours. At 

some point the movement of the particle would change from downward to upward as it enters the 

discharge area. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This section presents the results of the field sampling and analysis of groundwater during the 

NAE field program, subsequent deep well installation and sampling, and subsequent LTM 

sampling events at Site 73. The specific investigation activities included in the NAE field 

programs are discussed in Section 2.0. The results of LTM sampling events can be found in past 

LTM quarterly and annual reports. 

During the initial two NAE field programs, data were obtained in both the upper surficial. aquifer 

and the Castle Hayne Aquifer since contaminants were found in both units during the RI. The 

groundwater data was obtained along four transect lines that cross the site perpendicularly to 

groundwater flow in the surficial (Figure 3-3). One transect was prepared perpendicular to flow 

in the Castle Hayne. This method of investigation provides a three-dimensional understanding of 

contaminant occurrence. Groundwater was sampled for the organic constituents detected during 

the RI and for natural attenuation parameters. The organics were included to provide 

information on plume movement/stability, trends in concentrations over time, and the relative 

amounts of trichloroethene (TCE), cis-1,Zdichloroethene (DCE) and vinyl chloride (VC) for 

comparison purposes. 

4.1 Potential Contaminant Source Areas 

Identifying potential contaminant source areas and plume limits is an important first step in the 

NAE process. The data are needed to evaluate whether natural attenuation might be sufficient to 

prevent a dissolved contaminant plume from completing receptor exposure pathways or from 

reaching a Point of Compliance (POC) at concentrations above applicable federal, state, or risk- 

based standards. In this section the potential contaminant source areas and plume limits are 

identified based on the data obtained during the NAE field program. Observed reductions in 

contaminant concentrations along the flow path downgradient of the course are also highlighted 

along with the presence of daughter products. These concentration reductions represent the first 

line of evidence identified in the AFCEE protocols (Wiedemeier et. al., 1996) and clescribed 

previously in Section I .O. 
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4.2 Nature of Contamination 

This section describes the contaminants found, the range of concentrations seen areaLIly and 

vertically at the site and identifies the locations where the contaminants were found. No 

interpretation of the occurrence or progress of natural attenuation is made in this section of the 

report; natural attenuation is addressed in Section 5.0. Analytical results are summarized on 

Tables 4-1 through 4-5. A copy of the full analytical results is included as Appendix F. 

4.2.1 Subsurface Soils 

A total of six subsurface soil samples were collected during the two phases of the NAE. The 

samples were analyzed for volatile organics. Table 4-l summarizes the analytical results. 

l The analytical results indicate that five volatile organics were detected in the subsurface 

soil samples. Each of these is discussed below: Acetone was found in three samples. At 

MW-40, the concentration was 29 g/l; however, acetone was also found in the blank 

associated with that sample. Sample SB-01 contained 24 pg/l. An estimated 

concentration of 675 &I was detected in the sample from IS 17. 

l Carbon disulfide was found in three of the samples ranging concentration from 45 pg/l to 

I8 peg/l. There does not appear to be any discernible pattern to the occurrencle of this 

organic. 

Methylene chloride was detected in two samples; however, in both cases, the data was 

qualified since concentrations were also detected in the blank sample associated with the 

environmental samples. This would indicate that methylene chloride is likely present as 

a laboratory artifact. 

Tetrachloroethene was detected in two samples from the same boring. The shallower 

sample in ISI 7 contained 32 J.&I while three sampling intervals lower contained an 

estimated concentration of 65 pg/l. Intervening samples did not contain detectable 

concentrations of the contaminant. 
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. Toluene was found in a single sample from IS I7 at a concentration of 7.2 @I. 

The sporadic occurrence and relative low levels of contaminants seen in the subsurface soils 

indicates that they have not been significantly impacted by past operations at the site. 

4.2.2 Upper Surficial Aquifer 

There are three separate concerns related to the presence of contamination in the upper surficial 

aquifer. These are the occurrence of: 

. Fuel-related volatile organics (BTEX) 

. Non fuel related organics, and 

. Possible free product. 

Each of these is discussed separately in the subsections that follow and summarized on 

Tables 4-2 and 4-3. 

4.2.2.1 Fuel-Related Volatile Oraanics 

NAE Investization 

Benzene, toluene, ethylbenzene, and xylene (BTEX) were detected in several groundwater 

samples collected during the NAE. Each of these compounds will be discussed in the following 

paragraphs. 

Benzene was detected in 22 groundwater samples submitted for analysis. These samples were 

collected from HydroPunchB locations IR73-IS03, -1SO4, -1SO5, -1S07, -1SO8, -1SO9, -1Sl4, - 

IS20, -1S22, -1S23, and wells 73-MWl3, -MW15, -MW27, A47/3-8, and A47/3-I 1. Benzene 

concentrations in 20 of the 22 samples exceeded the NC DENR Groundwater Standard of 1 yg/L. 

Fourteen samples contained benzene concentrations in excess of the federal Maximum 

Contaminant Level (MCL) of 5 pg/L. Groundwater defined by these wells is present in the 

central to eastern portion of the site, located southeast of Building A-47. The contamination is 

believed to be the result of past spills and/or releases associated with former USTs located in the 
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A-47 complex. The highest benzene concentration (20 pg/L) was detected in the sample 

collected from A47/3-8 (installed by Law-Catlin during their UST investigation) and the second 

highest (I 8 pg/L) was collected from IR73-IS07, located adjacent to A47/3-8. 

Toluene was detected in I 1 groundwater samples collected during the NAE field investigation 

and submitted for analysis. The samples were collected from sample locations IR73-IS18, -1S19, 

-1S22, -1S23, -1S24, -1S25, -MW13, -MW27 and A47/3-8. None of the toluene concentrations 

detected in the samples exceeded either the NC DENR Groundwater Standard or federal MCL of 

1,000 pg /L. Generally, these detections are in the same general area as the benzene detections. 

As with benzene, these detections are believed to be the result of past spills and/or releases 

associated with USTs located within the confines of the site. 

Ethylbenzene was detected in five groundwater samples submitted for analysis. The detections 

ranged from 0.295 pg/L to 2 pg/L. As with the toluene, none of the detections exceeded either 

the NC DENR Groundwater Standard (29 CL&/L) or the federal MCL (700 pg/L). Positive 

detections were recorded in sample locations IR73-IS02, -IS 18, -1S25, and A47/3-8. 

Xylene detections were recorded in ten groundwater samples collected during the NAE field 

investigation. None of the detected concentrations exceeded the NC DENR Groundwater 

Standard of 530 pg/L or the federal MCL of 10,000 pg/L. The sample collected from IR.73-IS05 

contained the highest detection of xylene at a concentration of 3 pg/L. Lesser detections were 

recorded from sample locations IR73-IS02, -1SO3, -IS1 8, -IS 19, -IS25 and A47/3-8. These 

detections correlate well with the sample locations that contained other fuel related compounds. 

L TMSamulinn Program 

Benzene has been continuously detected in wells 73-A47/3-8, 73-A47/3-1 I, and 73-MW06 

during the LTM sampling events. Other fuel related organics have not been detected during the 

past two years. 
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4.2.2.2 Non-Fuel Related Volatile Organics 

NAE Investigation 

The following non-fuel related volatile compounds were detected in groundwater samples 

collected at the site during the NAE field investigation: 

. 

0 

0 

. 

. 

. 

. 

0 

0 

. 

l 

l 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Carbon disulfide 

Chlorobenzene 

cis- I ,2-Dichloroethene 

Methylene chloride 

Styrene 

Tetrachloroethene 

trans-I ,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Each of these compounds will be discussed in the following paragraphs. 

Acetone and methylene chloride are common laboratory contaminants and were detected in 

laboratory blanks and trip blanks. Acetone was detected in several samples at concentrations 

between I J pg/L and 10 pg/L. Methylene chloride was also detected in several groundwater 

samples collected during the NAE investigation at concentrations between 0.275 pg/L and l6B 

l&L. Detections of these two compounds are most likely not site related and will not be 

considered in further discussions of site related contamination. 

Concentrations of 2-hexanone, carbon disulfide, chlorobenzene, and styrene were detected in 

groundwater samples collected during the NAE field investigation and submitted for analysis. 

However, none of the concentrations detected in the samples exceeded the NC DENR. Interim 

Groundwater Standard, the NC DENR Groundwater Standard, or the federal MCL. Therefore, 
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these compounds will not be discussed since they do not exceed standards protective of human 

health or the environment. 

Tetrachloroethene (PCE) was detected in seven samples collected during the NAE investigation. 

Five of the groundwater samples contained concentrations in excess of the NC DENR 

Groundwater Standard of 0.7 pg/L. The five samples were detected from sample locations 

IR73-IS 14, -IS 17, -IS 18, and -1S23. No detections exceeded the federal MCL. There is no 

pattern to the distribution of PCE detections at the site that would indicate a single source area. 

However, location IR73-IS17 contained detections of PCE in soil samples and shallow 

groundwater. These detections indicate that the compound may have been dumped at the surface 

in this area of the site. Earlier investigations in the vicinity of IR73-IS17 did not detect any PCE 

in soil or groundwater samples. 

Trichloroethene (TCE) can be a daughter product of the degradation of PCE or may be a parent 

product. At this site, it is believed to be a parent product used in the past as a degreasmg agent. 

Sixteen groundwater samples collected during the NAE contained detectable concentrations of 

TCE. Fifteen of the sixteen detections exceed the NC DENR Groundwater Standard and eleven 

exceed the federal MCL. The highest concentration was detected in a sample collected from 

IR73-IS03 (160 I-lg/L) with the next two highest concentrations recorded in samples collected 

from IR73-IS06 (150 pg/L and 120 l&L). Groundwater samples collected from IR73-IS04 

contained TCE at concentrations of 8 pg/L (shallow sample) and 48 pg/L (deep sample) and 

groundwater samples collected from monitoring well IR73-MW27 contained 38 pg/L TCE. All 

of these locations are near Building A-47 and adjacent to each other, thus indicating that a source 

area for this contamination may exist in the vicinity of Building A-47. 

Groundwater samples collected during the NAE were analyzed for 1,2-dichloroethene (DCE). 

However, some of the samples were analyzed for cis-I ,2-DCE and trans-1,2-DCE whiile others 

were analyzed for total 1,2-DCE. Only two samples contained DCE concentrations in (excess of 

NC DENR’s Groundwater Standard. Both samples contained the compound cis-1,2-DCE. The 

groundwater sample from sample location IR73-IS04 contained 130 pg/L and a sample from 

IR73-IS06 contained the second highest detection of cis-I ,2-DCE at a concentration of 72 pg/L. 
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Vinyl chloride was detected in I7 groundwater samples submitted for analysis. All 17 detections 

exceeded the NC DENR Groundwater Standard of 0.0 15 pg/L. The vinyl chloride concentration 

in ten samples met or exceeded the federal MCL of 2 pg/L. The highest detected concentration 

was detected in a sample collected from sample location IR73-IS08. In addition, detections were 

recorded in samples from sampling locations IR73-IS04, -1SO9, -1S13, -IS1 9, -1S20, -1S22, -1S25, 

-MW09, -MW 13, -MW27, A47/3-8, and A47/3-11. The majority of these detections occur in the 

central to eastern portion of the site with a few detections along the edge of the bay. These 

detections correspond well with the TCE and DCE detections. 

LTMSamplina Events 

Subsequent to the NAE Investigation, TCE has only been detected in 73-MW27. The daughter 

products of cis I,2-DCE and/or vinyl chloride have been detected in wells 73-A47/3-8, 73- 

MW09, 73-MWl3, 73-MW27, and 73-MW29. Trans I,2-DCE was also detected in 73-MW13 

and 73-MW 15. 

4.2.2.3 Free Product 

During Phase II of the NAE field investigation, free product of unknown thickness was reported 

in monitoring well 73-MW14. At the time it was noted, an interface probe was not a.vailable. 

During past investigations at this site, no product had ever been reported and the current 

concentrations of benzene do not indicate the presence of free product. Subsequent to the NAE, 

MW-14 was pumped by vacuum truck to remove the free product. A minimal quantity of 

product was removed. Repeat product removal activities has yielded less product each time. It 

would appear that the free product is limited in extent and may be the result of introduction of oil 

in the subsurface through the well. 

4.2.3 Castle Hayne Aquifer 

As with discussions of the contamination detected in the upper surficial aquifer, this section will 

also be divided into subsections discussing the occurrence of contamination in the Castle Hayne 

Aquifer. The discussions will be centered on the occurrence of fuel related and non-fuel related 

volatile organics. Tables 4-4,4-5,4-6, and 4-7 summarize the results. 
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4.2.3-I Fuel Related Volatile Organics 

NAE Investigation 

Low levels of BTEX were detected in groundwater samples collected from the Castle Hayne 

Aquifer. Each of these compounds will be discussed in the following paragraphs. 

Benzene was detected in six of 19 samples collected during the NAE field investigation. The 

benzene concentration detected in each sample was in excess of the NC DENR Groundwater 

Standard of 1 pg/L and three exceed the federal MCL of 5 pg/L. Toluene, ethylbenzene, and 

xylene were detected in several samples collected during the NAE field investigation. Analytical 

results indicate that these compounds do not exist at concentrations that exceed the NC DENR 

Groundwater Standards or federal MCLs. 

The BTEX compounds were primarily detected in samples collected from sample locations IR73- 

MW44DW, -DW03, and -MW39DW. These monitoring wells are located in the center of the 

site, southeast of Building A-47. This is the same area of the site where the clay laye.r, which 

restricts downward migration from the surticial aquifer into the Castle Hayne Aquifer, is known 

to be absent. The absence of the clay and the downward movement of groundwater may be 

transporting these contaminants into the lower aquifer. 

Deep Well Installation and SamplingProgram - M&y 2001 

Benzene and toluene were seen at low concentrations in some of the wells during the dleep well 

sampling event. No ethylbenzene or xylene was detected in any of the samples. The detected 

compounds are discussed below. 

Benzene was found to be present in two of the I3 samples analyzed: 

. Monitoring well IR73-MW49DW contained IO pg/l; and 

l Monitoring well IR73-MW50DW exhibited an estimated concentration of 25 pg/l. 
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The IO pg/l concentration exceeds the federal MCL (5 pg/l) while both the detections exceed the 

NC DENR Groundwater Standard (I 1-18/l). 

Low levels of toluene were found to be present in seven of the I3 samples. In all cases, the 

detected values were flagged as estimated at I J - 25 l&l. 

The number of detections of fuel related compounds has significantly decreased since the NAE 

investigation. Also, the concentrations evidenced in the samples is also significantly reduced. 

This observation appears to indicate that the fuel-related compound plume is diminishing. 

Julv 2001 Long-Term Monitoring 

The July 2001 LTM sampling event resulted in the collection of 14 groundwater samples from 

the Castle Hayne aquifer. The results of this sampling event are discussed in the paragraphs that 

follow. 

The only fuel related compound detected was benzene. It was found in four samples at 

concentrations ranging from 25 pg/i to 13 pg/l. IR73-MW49DW contained the highest 

concentration. All four detections exceeded the state standard of 1 pgjl. The trencl of fuel 

related compounds continues to show an overall decrease in concentration in the deeper aquifer. 

4.2.3.2 Non Fuel Related Volatile Organics 

NAE Investigation 

The following non-fuel related volatile organics were detected in samples collected alt Site 73 

during the NAE field investigation: 

. 1, I-Dichloroethene 

. 1,2-Dichloroethane 

. 1,2-Dichloroethene, total 

. Chlorobenzene 

. Chloroform 
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e cis- I ,2-Dichloroethene 

. Methylene chloride 

0 Tetrachloroethene 

a trans-I ,2-Dichloroethene 

8 Trichloroethene 

a Vinyl chloride 

Although 1,l -dichloroethene and chlorobenzene were detected in groundwater samples collected 

from monitoring wells IR73-DW03, -DW02 and -MW44DW, neither of the compounds were 

detected at concentrations exceeding NC DENR Groundwater Standards nor federal MCLs. 

1,2-Dichloroethane was detected in a sample collected from monitoring well IR73-MW44DW at 

a concentration of 3.6 pg/L, exceeding the NC DENR Groundwater Standard of 0.38 pg/L. 

Chloroform was detected in a single sample (IR73-MW39DW) at a concentration of 1J l&L. 

However, this concentration exceeds the NC DENR Groundwater Standard of 0.19 pg/L. 

Methylene Chloride was detected in several samples collected during the NAE field 

investigation. The range of detections were between l.4JD pg/L and 9B pg/L. This compound 

is a common laboratory contaminant and was detected in laboratory method blanks (thus the “B” 

qualifier on the result). This compound is not considered to be site related and will not be 

discussed further. 

Tetrachloroethene (PCE) was detected in five samples of which four exceed the NC DENR 

Groundwater Standard for PCE. The detected concentrations did not exceed the federal MCL. 

Groundwater samples containing PCE were collected from the central and southeastern portions 

of the site, which has historically contained most of the chlorinated organic contamination as 

documented in Baker’s RI report dated November, 1997. 

Trichloroethene (TCE) was detected in seven of the I9 monitoring wells sampled at Site 73. The 

highest concentration was detected in monitoring well IR73-MW44DW at a concentration of 

990 pg/L. The second highest concentrations (250/220 cLg/L) were detected in monitolring well 

IR73-DW03. Until the 1999 sampling event in which monitoring well IR73-MW44.DW was 

installed, IR73-DW03 had historically contained the highest concentration of TCE detected at 

Site 73. It had been believed that monitoring well IR73-DW03 must have been in the center of 
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the chlorinated plume. This was partially due to the distances separating this monitoring well 

from others that monitored the same portion of the Castle Hayne Aquifer. Given the 

concentrations of TCE detected in monitoring well IR73-MW44DW, the source area of the 

plume may be larger than originally believed during the RI. 

As with the surlicial aquifer, groundwater samples collected from the Castle Hayne Aquifer were 

analyzed for 1,2-DCE. However, some of the samples were analyzed for cis-1,2-DCE and trans- 

I,2-DCE while others were analyzed for total 1,2-DCE. Only two monitoring wells contained 

detectable concentrations of 1,2-DCE in excess of the NC DENR Groundwater Standards or 

federal MCLs. Samples collected in 1998 and 1999 from groundwater monitoring well IR73- 

DW03 contained cis-I ,2-DCE at concentrations of 130 l&L and 120 l&L, respectively. A 

groundwater sample was collected from monitoring well IR73-MW44DW in 1999 and was 

reported to contain 520 pg/L cis- I ,2-DCE. 

Vinyl chloride was detected in five samples at concentrations exceeding the NC DENR 

Groundwater Standard (0.015 pg/L) and federal MCL (2 l&L). In 1998, vinyl chloride was 

detected in samples from monitoring wells IR73-DW03 and -MW39DW at concentrations of 

8&L and 45 pg/L, respectively. In 1999, vinyl chloride was detected in samples from these 

same wells at concentrations of 7.8D pg/L and 4.3 tLg/L, and in a sample collected from 

monitoring well IR73-MW44DW at a concentration of 31 pg/L. As with the DCE detections, 

these wells are in the center of the chlorinated organic plume located southeast of Building A-47. 

Deer, Well Installation and Samplina Program 

Several deep wells were installed in the upper Castle Hayne (UCH) or the middle Castle Hayne 

(MCH) in stages as follows: 

November 1998 

0 73-MW38DW (MCH) 

* 73-MW39DW (UCH) 

* 73-MW40DW (UCH) 

* 73-MW4lDW (MCH) 

0 73-MW42DW (MCH) 
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May 1999 

. 73-MW43DW (UCH) 

0 73-MW44DW (UCH) 

l 73-MW45DW (UCH) 

May 200 1 

l 73-MW46DW (UCH) 

l 73-MW47DW (UCH) 

l 73-MW48DW (UCH) 

0 73-MW49DW (UCH) 

. 73-MW50DW (UCH) 

The locations of the new wells are shown on Figure 3-13. Well logs for these wells are presented 

in Appendix C. The following non-fuel related organic compounds were detected in samples 

collected from the deep well network: 

. 1, I -Dichloroethene 

0 1 ,ZDichloroethane 

. Chloroform 

0 Cis 1,2-Dichloroethene 

. Trans 1,2-Dichloroethene 

. Trichloroethene, and 

0 Vinyl chloride. 

l,l-Dichloroethene was detected in a single sample (IR73-MW49DW) at an estimated 

concentration of 45 pg/l.. l,2-Dichloroethane was also detected in this sample (the compound’s 

only occurrence) at an estimated concentration of 25 @I which exceeds the North Carolina 

standard of .3 8 l&I. 

Chloroform was detected in three of the 13 samples, all taken from recently installed wells. The 

concentrations were flagged as estimated in all cases and ranged in concentration from 1 J-25 pg/l 

which exceeds the state standard of 0. I9 &I. There is not a known source for the chloroform; 

however, it is often found in drinking water as an artifact of chlorination. Since it was only 
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detected in new wells, it could be present as a remnant of the well installation and development 

process. 

Cis and trans-1,2-Dichloroethene were detected in approximately half of the samples analyzed. 

Concentrations of cis-1,2-dichloroethene ranged from a low of IJ pg/l in IR73-MW471DW to a 

maximum of 320D pg/l in well IR73-MW49DW. The 320 @I concentration of cis-DCE is the 

only detection that exceeds the state standard of 70 pg/l. Trans-1,2-dichloroethene was only 

detected in well IR73-MW49DW at a concentration of 10 ps/l which is well below the state 

standard. 

Trichloroethene was detected in five of the I3 samples collected. Detections ranged in 

concentration from 1J to 1500D pg/l (“D” indicates analyses performed on diluted samples). 

The concentration seen in well IR73-MW49DW (the site of the 1,500 tLg/l value) was two orders 

of magnitude above other detections. In total, four of the five samples found to contain 

trichloroethene exhibited concentrations above the state standard of 2.8 pg/l. 

Vinyl chloride was identified in four of the samples analyzed. Three of the detections were 

estimated at 1J pg/l. The concentration in IR73-MW49DW was an order of magnitude lhigher at 

14 &I. It should be noted that all of the detections exceeded the state standard for this 

compound (0.0 15 pg/l). 

July 2001 Long-Term Monitoring 

Volatile organic compounds related to solvent contamination continue to be present. The 

following compounds were detected in one or more of the samples from the July LTM event: 

. I,l-Dichloroethene - Found in two samples at concentrations of 45 pg/l (well IR73-MW 

44DW) and 7 pg/l (IR73-MW49DW). Neither of these values exceeded the applicable 

state standard. 

. I ,2-Dichloroethane - Detected in the two samples from the same two wells at levels of 35 

and 45 &I 
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cis-1,2-Dichloroethene - Detected in seven of the 14 samples at concentrations from 45 

cLg/l to 940 l&l. Three of the detected levels equaled or exceeded the state criteria of 70 

cLg/l (wells IR73-MW39,44 and 49DW). 

Trans-1,2-Dichloroethene - Found to be present at detectable levels in two wells (IR73- 

MW44 and 49DW) at concentrations of 39 pg/l and I7 I.Lg/l, respectively. 

Trichloroethene - Detected in five of the samples all at levels exceeding the state 

standard by one to two orders of magnitude. The highest concentration (4600 pg/l) was 

found in monitoring well IR73-MW49DW. 

Vinyl Chloride - Found in four samples with concentrations that ranged between 25 pg/l 

and 34 pg!l. All four of the detections exceeded the state standard by two to three orders 

of magnitude. 

In general, the organic constituents were found as assemblages within common wells. This is an 

expected finding since most of the compounds detected are daughter products that result in the 

degradation of TCE in the subsurface environment. 

4.3 Extent of Contamination 

The purpose of this section is to describe the vertical and horizontal extent of contamination 

detected during the NAE investigation and compare it to the extent of contamination reported in 

the RI. The extent of contamination in the upper surficial aquifer will be discussed in lthe same 

manner as the nature of contamination was. The fuel related contamination will be dliscussed 

first, followed by the non-fuel related contamination. 

4.3.1 Fuel-Related Volatile Organics 

4.3.2. I Surfkial 

As briefly discussed in earlier paragraphs, BTEX contamination is believed to be the result of 

past spills and/or releases associated with former USTs located in the A-47 complex. However, 
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only benzene was detected at concentrations exceeding the NC DENR Groundwater Standard or 

the federal MCL. The plume of contamination appears to horseshoe-shaped, generally residing 

in the central portion of the site and traveling in the direction of surficial groundwater flow 

(Figure 4-l). Benzene was detected in the same general area during the RI. As depicted on 

Figure 4- 1, benzene concentrations are highest in the central portion of the site. Isoconcentration 

lines were drawn on the map designating areas of contamination greater than 10 pg/L. These 

isoconcentration lines denote two locations where benzene concentrations are highest. One of 

these areas is located in the vicinity of monitoring well A47/3-8. This same areas was denoted in 

the RI as containing high concentrations of benzene. Another area of benzene concentrations 

greater than 10 ug/L is in the vicinity of IR73-IS04. In the RI, monitoring wells IR73-MW27 and 

IR73-MW29 (located near IR73-IS09) were reported to have detections of benzene but at lower 

concentrations. In general, the benzene results from the NAE and the RI compare quite well in 

the surficial aquifer. Benzene concentrations have differed between the two sampling events but 

not more than 10 p&/L. 

4.3.2.2 Castle Havne 

BTEX contamination was also detected in samples collected from the Castle Hayne Aquifer (see 

Figure 4-15). Detections of benzene were reported in samples from monitoring well IR73-DW03 

during the RI but were dismissed as the possible result of monitoring well installation. 

Additional detections of this compound since the RI and in monitoring wells installed during the 

NAE investigation and subsequent LTM sampling events indicate that the results are not related 

to drilling activities as originally thought during the RI. The benzene plume appears to be 

centered in the portion of the site where it has been documented that the clay is absent. The 

occurrence of benzene in the deeper zones may be due to the downward migration of 

groundwater. As discussed in Section 3.0 of this document and the RI, groundwater at the site 

migrates downward to recharge the underlying Castle Hayne Aquifer in areas where the 

confining unit (i.e., the clay layer) is not present. It is suspected that benzene contamination in 

the Castle Hayne is the result of this downward migration of groundwater carrying conta:mination 

into the underlying Castle Hayne Aquifer. Because the highest benzene concentrations are 

currently in well 73-MW49DW, it appears that this location is nearer the center of the plume 

than 73-DW03 was. 
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4.3.2 Non Fuel-Related Volatile Organics 

Figures 4-3 through 4-17 depict solvent contamination along the transects established for this 

investigation. Isoconcentration lines depict each contaminant’s concentration. Several patterns 

emerge from these figures: shallow and deep contamination occur near the source area and the 

plumes split into either shallow a deep farther from source areas. Some of the highest 

concentrations are at depth below Building A47 and have not been completely delineated 

laterally or vertically. 

4.3.2.1 Surficial 

Chlorinated organic contamination residing in the surficial aquifer consists of PCE, TCE, 

cis-1,2-DCE and vinyl chloride. As discussed in earlier paragraphs PCE is not suspected to have 

been the parent product for the byproducts cis-l,2-DCE and vinyl chloride. In fact, it is 

suspected that PCE is not related to the degreasing agents originally released to the environment. 

PCE was not detected in the area of the chlorinated plume but rather in isolated locations along 

the edge of wooded areas and along the bayfront. Soil and groundwater samples collected from 

sample location IR73-IS 17 contained detectable concentrations of PCE. These detections may be 

the result of isolated spills. With the exception of the soil and groundwater contamination 

detected in samples collected from IR73-IS17, no association appears to exist between the 

locations where this compound was detected. The source of the PCE contamination is not known 

and is not considered related to the TCE plume that has been investigated at Site 73 since: the RI. 

TCE and its daughter products (cis-l,2-DCE, trans-1,2-DCE, and vinyl chloride) were detected in 

several groundwater samples collected during the NAE investigation. Figure 4-2 illustrates the 

location of the chlorinated plume and the location of each specific compound within thle plume. 

As depicted in Figure 4-2, the chlorinated plume is generally following groundwater flow 

direction toward Courthouse Bay. Apparently, disturbances in the movement of the plurne begin 

to occur as it travels past the portion of the site where the clay has been eroded. 

Upon review of the chlorinated plume, an important fact is apparent. Each of the different 

compounds making up the plume are positioned in a manner which is representative of the 

degradation of TCE. The TCE plume is larger and encompasses the area beneath Building A-47 
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(the suspected source area). The DCE plume is slightly smaller in size than the TCE plume and 

located downgradient. This is typical of the degradation of TCE to DCE. If natural attenuation 

were occurring at the site, then concentrations of DCE should increase downgradient a:s TCE is 

degraded. This is exactly what is occurring at Site 73. The highest concentration of TCE is 

located in the vicinity of sample location IR73-IS03 and the highest concentration of DCE was 

detected in the sample from IR73-IS04. 

As natural attenuation continues along a flowpath, DCE degrades to vinyl chloride. ‘Thus the 

vinyl chloride plume should be smaller than the DCE plume and located downgradient. As 

Figure 4-2 depicts, this is exactly what is happening at Site 73. The highest concentration of 

vinyl chloride detected in the vicinity of the chlorinated plume is located downgradient of the 

highest detections of TCE and DCE. 

4.3.2.2 Castle Havne 

Chlorinated volatile organics were detected in samples collected from the Castle Hayne: Aquifer 

and is centered in the same portion of the site where contamination resides in the surficial 

aquifer. The highest levels of contamination were observed in a sample collected from IR73- 

MW49DW (Figure 4-19). This monitoring well was newly installed during the additional well 

installation conducted in 200 1. However, the extent of contamination can not be determined. 

Limited data have been acquired from the Castle Hayne and the extent of contamination has not 

been delineated north or immediately west of monitoring well IR73-MW49DW. It should be 

noted that 73-DW 1 1, located approximately 450 feet west of 73-MW49DW, has been sampled 

once (May 200 1) and showed no contamination. 

The trend of dechlorination is evident in the sample from monitoring well IR73-MW49DW. The 

concentration of TCE was much higher than the concentrations of DCE and vinyl chloride. This 

is the expected trend of a monitoring well located near the source area. If this well were 

substantially downgradient of the source area, then DCE or vinyl chloride concentrations would 

be expected to be higher than TCE. The detections of dichloroethane and chloroform may be 

byproducts of the dechlorination of TCE. These compounds were detected in monitoring wells 

IR73-MW44DW and IR73-MW39DW. Both of these locations are in the vicinity of the 

chlorinated volatile organic plume. 
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Additional sample locations have provided more information as to the extent of contamination, 

thus expanding the area impacted by chlorinated volatile organics. Sample results from 

monitoring wells sampled during the RI and the NAE investigation indicate the concentrations of 

chlorinated volatile organics are degrading over distance (and time). However, it cannot be 

concluded that the plumes in the Castle Hayne Aquifer have stabilized or decreased in size 

because new data in recently installed wells have yielded higher concentrations of TCE than 

were found during the RI. 
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5.0 EVIDENCE OF NATURAL ATTENUATION 

Over the past several years, monitored natural attenuation (MNA) has been identified as an 

alternative for the remediation of chlorinated aliphatic hydrocarbons. The United States 

Environmental Protection Agency (USEPA) defines natural attenuation as (USEPA, 1999, 

Wiedemeier et al., 1996): 

. . . . naturally occurring processes in soil and groundwater environments that act 

without human intervention to reduce the mass toxicity, mobility, volume or 

concentration of contaminants in those media. These in-situ processes include 

biodegradation, dispersion, dilution, adsorption, volatilization, and chemical or 

biological stabilization. 

The Technical Protocol for the Evaluation of Chlorinated Solvents in Groundwater were 

developed for the Air Force Center for Environmental Excellence (AFCEE Protocols, 

Wiedemeier et al, 1996). This protocol document has been adopted by the USEPA with few 

changes (USEPA, 1998a and 1999). The final OSWER Directive 9200.4-l 7P (USEPA, 1999) 

identifies “three lines of evidence” that can be used to evaluate natural attenuation of chlorinated 

aliphatic hydrocarbons, including: 

(1) Historical groundwater and/or soil chemistry data that demonstrate a clear 

and meaningful trend of decreasing constituent mass and/or concentration over 

time at appropriate monitoring or sampling points. (In the case of a dissolved 

groundwater plume, decreasing concentration will not be solely the result 01’ 

plume migration. In the case of inorganic constituents, the primary attenuating 

mechanism will also be understood.) 

(2) Hydrogeologic and geochemical data that can be used to demonstrate 

indirectly the type(s) of natural attenuation processes active at the site, and the 

rate at which such processes will reduce constituent concentrations to required 

levels. For example, characterization data may be used to quanta% the rates of 

constituent sorption, dilution, or volatilization, or to demonstrate and quanttjv 

the rates of biological degradation processes occurring at the site. 

5-1 



(3) Data jrom field or microcosm studies (conducted in or with actual 

contaminated site media) which directly demonstrate the occurrence of a 

particular natural attenuation process at the site and its ability to degrade the 

constituents of concern (typically used to demonstrate biological degradation 

processes only). 

The OSWER Directive also provides the following guidance on interpreting the lines of evidence 

(USEPA, 1999): 

Unless EPA or the implementing state agency determines that historical data 

(Number I above) are of suflcient quality and duration to support a decision to 

use monitored natural attenuation, EPA expects that data characterizing the 

nature and rates of natural attenuation processes at the site (Number 2 above) 

will be provided. Where the latter are also inadequate or inconclusive, data 

j?om microcosm studies (Number 3 above) may also be necessary. 

This Natural Attenuation Evaluation (NAE) demonstrates that the first two “three lines of 

evidence” can be established from the existing data and that these two “three lines of evidence” 

are sufficient to provide the basis to reasonably conclude that active biodegradation processes 

(including reductive dechlorination) are occurring. A discussion of the first “three lines of 

evidence” follows in Sections 5.1 and 5.2, respectively. 

5.1 Historical Constituent Concentrations Trends 

There are several important natural attenuation (NA) processes at work in the subsurface, 

including sorption, dispersion, dilution and degradation, but the pertinent process for this 

discussion is biologically-induced degradation (biodegradation) and, more specifically, reductive 

dechlorination. During dechlorination of chlorinated compounds, concentrations of the parent 

compounds decrease and the daughter products of the process increase in concentrat:ion over 

time. Eventually, the daughter products also decrease as they are further dechlorinated. The 

final end products of the dechlorination process are carbon dioxide and chloride ions (under 

aerobic conditions) and ethane and chloride ions (under anaerobic conditions). 
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In order to support evidence of natural attenuation and determine the stability of the contaminant 

plumes, TCE, DCE, VC, and benzene concentrations at several wells were plotted versus time, in 

both the upper surficial and upper Castle Hayne Aquifers. These trends are presented in order of 

their position on a flow path, beginning with the apparent source area. The upper surficial 

aquifer groundwater flow is generally in an easterly direction in the area of consideration. The 

Castle Hayne Aquifer groundwater flow is generally in a south to southeasterly direction. There 

is evidence that the two water-bearing zones are communicating hydraulically in the are;a east of 

Building A-47 where the clay barrier layer has been eroded (see Section 3.4.3). 

The site groundwater was sampled in 5195, 2196, 1 I/98, 5199, 7100, lOlOO, l/01, 4/O 1, 5/01, and 

7101. The number of sampling events associated with each monitoring well considered in the 

trend analysis varied between six and eight. A summary of the historical data for the trend 

analysis is included in Table 5- 1. 

5.1.1 Upper Surficial Aquifer 

Three wells in the upper surficial aquifer: 73-MW27, 73-MW13, and A47/3-8, had contaminant 

levels plotted versus time. These trends are shown in Figures 5-l through 5-3. These wells are 

more or less in order on an established flowpath as shown on Figure 3-11, in the RI Report 

(Baker, 1996b) and in the Groundwater Modeling Report (Baker, 1998). It should be noted that 

historical results for A47/3-11, 73-MW 15, and A47/3-16 are also available, but the detections of 

COC’s were so low, or non-detect, in these wells, that they were not presented. Figure 5-,I shows 

that in 73-MW27, benzene was present in 1995, absent in 1996, detected again in 1999, and has 

not been detected since. 

Figure 5-1 shows that at 73-MW27, where concentrations of TCE are highest in the surficial 

zone, the overall trend since 1995 is increasing for both TCE and cis-DCE (note the positive 

values for the slope of the trend lines). While there was some evidence that the plume may be 

stabilizing in the last year, this may be only a seasonal effect due to the more frequent sampling 

in the last year. Only a small amount of VC was detected seen in two sampling events. 

At ,73-MW 13 (Figure 5-2), there was no detectable TCE throughout the time frame, generally 

decreasing cis-DCE (negative slope), and generally increasing VC (positive slope), suggesting 
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that TCE has completely attenuated, cis-DCE is being degraded into VC, which is accumulating. 

At 73-MW13 (Figure 5-2), all sampling events show the continued presence of benzene. 

At A47/3-8 (Figure 5-3), no TCE was detected, cis-DCE concentrations are decreasing overall 

(negative slope) while VC concentrations are increasing (positive slope). These are the same 

trends as seen at 73-MW13 (Figure 5-2). Also, ethene and ethane were detected at low levels in 

A47/3-8 and they represent the final products of the reductive dechlorination process. Benzene 

was present at all sampling events at A47/3-8 at consistent levels (18 to 27 pg!l, see Figure 5-3). 

The consistent benzene concentrations indicate that favorable conditions, due to a reduced 

aquifer (see Section 5.2), are likely to continue in these areas. 

5.1.2 Castle Hayne Aquifer 

There were several wells in the Castle Hayne Aquifer that were sampled over the entire time 

period of this study. Only wells 73-MW44DW, 73-DW03, and 73-MW39DW were plotted 

because the other wells either had low or non-detect levels of COC’s in them, or had no history 

associated with recently discovered high concentrations (73-MW49DW). These three wells were 

found to lay on the approximated south-southeasterly groundwater flowpath of the Castle Hayne 

Aquifer as given in the RI Report (Baker 1996b) and in the Groundwater Modeling Report 

(Baker, 1998). In order of position on the flowpath, the wells are 73-MW44DW, 73-DW03, and 

73-MW39DW. Figures 5-4 though 5-6 show the historical trends of the TCE, DCE, VC, and 

benzene in these wells in the Castle Hayne Aquifer. 

Figure 5-4 shows that in 73-MW44DW, near the apparent source area, consistently high levels of 

TCE and cis-DCE, and lesser concentrations of VC are present. The concentrations are steady 

over time (note the very low value of slope for each of these compounds). 

At 73-DW03 (Figure 5-5) TCE and cis-DCE are exhibiting relatively steady concentrations, 

while VC is increasing (much larger slope). 
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Figure 5-6 shows the historical trends for 73-MW39DW. Concentrations of TCE, cis-DCE, and 

VC appear to be increasing at this location, which is downgradient of the source area (assumed 

near 73-MW49DW). This indicates that all three plumes are still moving. 

Benzene was detected at all three wells also. It was not detected at any of the other Castle Hayne 

wells that have historical data. Again, the presence of benzene would promote favorable redox 

conditions for reductive dechlorination. 

If the migration of contaminants from the upper surficiai aquifer to the Castle Hayne Aquifer at 

the termination of the clay barrier is accounted for (as described in Section 3.2), the historical 

trends of the contaminants do not reflect any anomalies, even though 73-MW 13 was not sampled 

in 1996. In this case, the order of the wells would be 73-MW27, 73-MW13, 73-DW03 (vertically 

downward from 73-MW13), and lastly, 73-MW39DW. Proceeding from 73-MW27 to 73- 

MW13, there is a reduction of TCE with time, but an increase of the DCE and VC. Going 

downward at 73-MW13 to 73-DW03, it is obvious that the center of the plume is deeper at this 

point with levels of all the contaminants much higher at the lower well, but with DCE remaining 

constant and VC increasing. 

5.1.3 Historical Trend Summary 

In summary, there is good historical evidence of natural attenuation at some of the monitoring 

wells at Site 73. The evidence of temporally increasing levels of daughter products DCE and VC 

at any one point or well indicate that natural attenuation via reductive dechlorination is occurring 

at Site 73. The results along a flowpath in the upper surficial aquifer are consistent with parent 

product destruction and daughter product generation and subsequent decay with time. 

In the Castle Hayne aquifer, concentrations appear to be steady or increasing for all chlorinated 

compounds including the parent compound, TCE, indicating that the plume is likely not in a 

steady-state condition, or that there is a continuing source for the chlorinated compounds. 
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5.2 Chemical and Geochemical Evidence of Contaminant Biodewadation 

This section discusses the mechanisms of the biodegradation process and demonstrates that 

biodegradation is occurring as indicated by the following evidence: 

0 Decreasing concentrations of parent compounds 

0 Increasing concentrations of daughter products 

l Decreasing electron donors and acceptors 

l Increasing metabolic by-products 

5.2.1 Mechanisms of Fuel (BTEX) Contaminant Biodegradation and Plume Behavior 

Numerous studies have been conducted that suggest indigenous subsurface microorganisms can 

degrade a variety of petroleum hydrocarbons. A detailed list of these studies is presented in 

Weidemeier et.al. (1995). BTEX biodegradation is an electron transference process. 

Microorganisms use BTEX and other fuel-related hydrocarbons as primary or secondary 

metabolic substrates to derive energy required for life. They basically derive energy from the 

transfer of electrons from an electron donor such as BTEX or another fuel-related hydrocarbon to 

an electron acceptor such as oxygen, nitrate, ferric iron (III), sulfate, acetate, or carbon dioxide. 

This process causes measurable changes in groundwater chemistry including decreases in 

dissolved oxygen, nitrate, and sulfate and increases in ferrous iron (II), methane, and alkalinity. 

Such changes are indicative of dominant terminal electron accepting processes. It should be 

noted that the dominant terminal electron accepting process can be difficult to determine; for 

example, different processes (or different degrees of the same process) may be active at different 

depths in the same location. This can lead to apparently conflicting data in the same location if 

the well straddles more than one type of zone. 

Microorganisms use electron acceptors in the following order of preference (as available): 

dissolved oxygen, nitrate, ferric iron, sulfate and acetate/carbon dioxide. The preferred electron 

acceptors provide the most energy and each successive electron acceptor provides less energy to 

the microorganism. As each preferential electron acceptor is depleted the next most preferential 

acceptor is then utilized. 
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Although BTEX can be degraded in aerobic conditions, this discussion will focus on anaerobic 

processes because the subsurface environment at Site 73 is primarily anaerobic as indicated by 

the low levels of dissolved oxygen and the highly negative values of oxidation-reduction 

potential (redox). 

Plume behavior is dependent on the type of electron acceptor present [i.e., nitrate, ferric iron 

(III), sulfate, or carbon dioxide], pH conditions, and redox potential. Depending on the: type of 

electron acceptors present, anaerobic biodegradation can occur by denitrification, ferric iron (III) 

reduction, sulfate reduction, or methanogenesis (the breakdown of fuel-related hydrocarbons or 

natural carbon via methane producing bacteria). 

In plumes with both BTEX and chlorinated solvent contamination, the particular chlorinated 

solvents can also serve as electron acceptors. Environmental conditions ultimately determine 

which process will dominate; however, the dominant terminal electron accepting process can 

vary temporally and spatially in the subsurface. A given area may shift between ferric iron (III) 

reduction, sulfate reduction, and methanogenesis depending on seasonal recharge (Wiedemeier 

et. al, 1995). In addition to changes in electron acceptors, BTEX destruction is associated with 

intermediate compounds and the accumulation of fatty acids. The complete destruction of BTEX 

results in the formation of carbon dioxide, methane and water (Wiedemeier et. al, 1995). 

5.2.2 Mechanisms of Chlorinated Solvent Contaminant Biodegradation and Plume 

Behavior 

The USEPA/AFCEE Protocol (USEPA, 1998a; Wiedemeier et. al, 1996) succinctly describes the 

difference between the degradation of fuel-related contaminants and chlorinated solvent related 

contaminants in the following way: 

Biodegradation of fuel hydrocarbons, especially...BTEX, is mainly limited by 

electron acceptor availability, and generally will proceed until all of the 

contaminants biochemically accessible to the microbes are destroyed. In the 

experience of the authors, there appears to be an adequate supply of electron 

acceptors in most, if not all, hydrogeologic environments. On the other hand, 

5-7 



the more highly chlorinated solvents such as perchloroethene (PCE) and 

trichloroethene (TCE) @pieally are biodegraded under natural conditions via 

reductive dechlorination, a process that requires both electron acceptors (the 

chlorinated aliphatic hydrocarbons) and an adequate supply of electron donors. 

Electron donors include fuel hydrocarbons or other types of anthropogenic 

carbon (e.g., landfill leachate) or natural organic carbon. If the subsurface 

environment is depIeted of electron donors before the chlorinated aiiphatic 

hydrocarbons are removed, biological reductive dechlorination will cease, and 

natural attenuation may no longer be protective of human health and the 

environment. This is the most significant difference between the processes of 

fiel hydrocarbon and chlorinated aliphatic hydrocarbon biodegradation. 

This section presents a general discussion of chlorinated solvent-related degradation mechanisms 

and plume behavior, and the preliminary screening process. Site 73 specifics are discussed in 

Section 5.3. 

A substantial body of evidence exists in the literature that indicates chlorinated solvent-related 

groundwater contaminants will naturally degrade in-situ under the appropriate conditions. 

Anaerobic biodegradation of chlorinated solvents most frequently occurs via rfeductive 

dechlorination. A detailed explanation of reductive dechlorination and other biodegradation 

processes is presented in the USEPA/AFCEE Protocol. A summary of the processes applicable 

to Site 73 is presented below. 

During the reductive dechlorination process, hydrogen (in the form of natural or 

anthropomorphic hydrocarbons) serves as an electron donor. As a simplified explanation, an 

electron from an available hydrogen atom is transferred by the organism to the chlorinated 

contaminant; a chloride ion is removed from the contaminant and is replaced with the hydrogen 

ion. The organism receives energy from the process through a series of complex internal 

electron transfers (Chapelle, 1995). For this reductive process to be sustained, a supply of 

electrons (hydrocarbons) must be available. Typically, hydrogen is produced as a result of the 

microbial degradation of a primary substrate (i.e., a hydrocarbon source). The available 

hydrocarbon source can be natural organic material present in the soil or groundwater or it can be 

anthropogenic (e.g., BTEX or byproducts of fuel degradation). As previously noted in 
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Section 5.2.1, oxygen, nitrate, ferric iron (III), sulfate or carbon dioxide can serve as electron 

acceptors for electrons provided via BTEX or natural hydrocarbon degradation. The more 

electron acceptors available, the more biodegradation becomes probable. In reductive 

dechlorination, the electron acceptors can potentially compete with chlorinated solvents for the 

electrons provided by hydrogen generation; however, when a steady supply of electrons (Hz) is 

produced at low concentrations, the dechlorinators are favored (Gossett and Zinder, 1996; 

Smatlak et. al., 1996). Complete dechlorination is favored when a steady, low-concentration 

supply of Hz is produced through microbial degradation of substrates such as the BTEX 

compounds (Gossett and Zinder, 1996). Therefore, the type of substrate/electron donor (can also 

play a role in how thoroughly a natural system is able to dechlorinate solvents. 

This process is sequential; that is, a highly chlorinated parent contaminant such as TCE is 

reduced to DCE, which is reduced to VC, which is then reduced to ethene and ethane. Although 

the mechanisms of reductive dechlorination are not fully understood it is known that the 

sequential reductive dechlorination reaction is impacted by the following: 

. A higher order chlorinated contaminant such as TCE is more susceptible to reduction 

than the lesser-chlorinated intermediates such as DCE and VC. VC and DCE; can be 

more susceptible to complete oxidative degradation than further reductive 

dechlorination. 

l Microorganisms use electron acceptors in the following order of preference (as 

available), oxygen, nitrate, ferric iron (III), sulfate and acetate/carbon dioxidle. More 

preferential acceptors are always used in place of less preferential electron acceptors, 

depending upon availability. An influx of electron acceptors into an established 

reductive system (such as dissolved oxygen, nitrate or sulfate) can create an environment 

that competes with or eliminates the reductive dechlorination pathway. 

. The type and availability of substrate (carbon source) can influence the reductive 

dechlorination. Substrate degradation that rapidly yields high levels of H2 is favorable to 

sulfate-reducing bacteria and methanogens. A low steady supply of H2 favors bacteria 

that are dechlorinating bacteria. 
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Reductive dechlorination can occur under nitrate and iron-reducing conditions; however, the 

most rapid degradation occurs under sulfate-reducing and methanogenic conditions. Some field 

studies have demonstrated complete TCE degradation to VC and ethene and ethane under 

methanogenic conditions (USGS, 1997). The important geochemical regions for natural 

attenuation of TCE and PCE are: 

b areas of a plume that are methanogenic 

b areas that exhibit both sulfate reduction and iron reduction 

b regions that only exhibit iron reduction 

The pattern of degradation varies within each of these areas. VC tends to accumulate during the 

reductive dechlorination of TCE in methanogenic regions. VC does not accumulate to the same 

extent in areas where sulfate and iron reduction occurs concurrently. In areas where only iron 

reduction occurs VC is consumed but TCE is not degraded (Wiedemeier et. al, 1996 and USGS, 

1997). Further evidence of reductive dechlorination is the accumulation of chloride. In areas 

where VC is oxidized via iron reduction chloride does not accumulate (USEPA, 1998a; 

Wiedemeier et. al, 1996). 

The production of carbon dioxide is associated with an increase in total alkalinity. Increases in 

total alkalinity have also been observed under denitrifying, sulfate-reducing, and iron-reducing 

conditions (Seagren, 1998). If conditions are not right, sulfate reduction can be bypassed. 

Generally, one or more of the following is observed at a site where reductive dechlorination of 

alkenes is actively occurring (USEPA, 1998a; Wiedemeier et. al, 1996): 

Ethene is being produced as the end product of the dechlorination process (even low 

concentrations are indicative of biodegradation) 

2) Methane is being produced (methanogenesis) 

3) Iron II is being produced (iron-reduction) 

4) Hydrogen concentrations are between l-4 nM 

5) Dissolved oxygen concentrations are low (anaerobic environment). 
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52.3 The USEPA/AFCEE Scoring System for Reductive Dechlorination 

Recently the USEPA (2001) published the results of their Scientific Advisory Board’s study on 

research needs in the NA evaluation process. They concluded that the scoring system should be 

de-emphasized and that more emphasis should be placed on enlarging the “knowledge base” at a 

site. Given that outcome, nevertheless, the scoring system is presented in this report as a way of 

summarizing the data and geochemical conditions at this site. It is useful in determining where 

reductive dechlorination is likely to occur and where it is not. Careful consideration of the 

knowledge base of information on NA processes at the site will be made. 

The parameters that are considered during the natural attenuation screening process are listed in 

Table 5-2. In general, reductive dechlorination is a sequential, biologically-mediated process the 

result of which is the removal of a chloride ion from the parent compound (e.g., trichlor80ethene, 

TCE) to yield the 1” generation daughter product (cis-1,2-dichloroethene, DCE). The 

dechlorination process can continue to remove subsequent chloride ions and, depending upon 

ambient conditions, can proceed to the 2”d, 3rd, and/or 4t” generation daughter products (VC, 

ethene, and ethane, respectively). As this process occurs, levels of parent compounds such as 

TCE begin to decrease and levels of daughter products such as 1,2-dichloroethene (DCE), and 

VC begin to increase. 

In addition, notable changes (relative to background) in dissolved oxygen, nitrate, iron (II), 

sulfate, methane, alkalinity and chloride concentrations will be observed as a result of reductive 

dechlorination processes within the limits of the plume. The USEPA/AFCEE screening process 

assigns a value for levels of each parameter that are indicative of the reductive dechlorination 

process. The levels of each parameter that would be indicative of natural attenuation (via 

reductive dechlorination) and the associated scores are also presented in Table 5-2. Other 

degradation processes, which may be active at the site, are not represented in this score. 

Processes such as cometabolism and direct oxidation (mineralization), which can also eliminate 

the parent compounds under somewhat different conditions are not evaluated using the 

USEPA/AFCEE scoring system. Unfortunately, the other processes of NA do not have a 

convenient screening procedure and must be discussed qualitatively when encountered. 
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The screening process quantifies the evidence for the reductive dechlorination of chlorinated 

organic constituents, and can identify impacted areas where MNA may be a viable remedial 

alternative. The total NA Scores were compiled for each well and categorized as follows:. 

> 20 points Strong Evidence of NA 

15-20 points Adequate Evidence of NA 

6- 14 points Limited Evidence of NA 

< 6 points Inadequate Evidence of NA 

5.2.4 Chemical Indications of Contaminant Biodegradation in the Upper Surficial 

Water-Bearing Zone 

This section presents and assesses the distribution of site-specific geochemical indicatlors with 

respect to contaminant plumes in the upper surficial water-bearing zone. The footprints of 

metabolic by-products and electron acceptors, and reductive processes occurring in each1 portion 

of the subsurface are identified and discussed. The background redox conditions are given in 

Table 5-3. 

The observations noted in this section are based on field parameters and fixed-base laboratory 

data from the sampling efforts conducted in 1 l/98, 5/99, 7/00, 1 O/00, I/O 1, 4/O 1, 5/O 1, and 7/O 1. 

Because the scoring tables present a summary of all the chemical indicators, these tables will be 

used in the discussion below. The actual concentrations and the associated scores for the 

HydropunchB sampling results in the upper surficial water-bearing zone are included in 

Table 5-4. Table 5-5 depicts the results for the monitoring wells that are screened in the upper 

surficial aquifer. Figures 5-7 through 5-16 depict contours of the various geochemical 

parameters and indicate zones where reductive dechlorination can occur. It should be noted that 

only the maximum concentration during the 1998-200 1 time frame is contoured. 

5.2.4.1 Dissolved Oxygen 

Table 5-3 shows that the average background dissolved oxygen (DO) in the surficial unit was 

0.95 mg/L. With an average background DO level less than 1.0 mg/l, the upper surficial water- 

bearing zone appears to be anaerobic to a degree that supports reductive dechlorination (USEPA, 
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1998a; Wiedemeier et. al, 1996). DO levels in the upper surficial water-bearing zone at Site 73 

ranged from 0.15 mg/L to 3.8 mg/L in the HydropunchB samples (Table 5-4) and 0.15 to 2.0 

mg/L in the shallow wells (Table 5-5). Figure 5-7 shows widespread low levels of DO at the site 

that are characteristic of the low-energy environment around Camp Lejeune. 

There was one localized area with elevated DO in the shallowest sample at HydroPunch7 

location IR73-IS13 (3.8 mg/L @ 2-6’ bgs). This area is immediately downgradient of the 

“washdown areas” (see Figure 5-7) that are repeatedly exposed to an influx (via recharge) of 

oxygen-rich water that has been sprayed into the air while washing vehicles and other equipment. 

This area is important in understanding the natural attenuation process at Site 73. It is theorized 

that this area is a localized aerobic zone within an otherwise strongly reducing environment. 

Several other geochemical indicators (discussed below) suggest that there is a real, albeit 

localized, influx of oxygen to the system and that it is not just an artifact of the sampling process. 

It is also clear from Figure 4-2 that the main plume of VC does not extend beyond this washdown 

area. It can be hypothesized that the more aerobic environment in the washdown area is 

conducive to oxidation of VC. Therefore, the part of the chlorinated solvent plume passing 

through the washdown area would be completely attenuated before reaching the bay. This would 

also explain the very low ethane and ethene concentrations farther downgradient near the bay. 

5.2.4.2 Nitrate 

Table 5-3 presents the background levels of nitrate at Site 73, the average of which is 0.05 mg/L. 

Figure 5-8 shows that nitrate was detected upgradient of the site, at Hydropunch7 location IR73- 

IS01 (0.77 mg/L). No location had nitrate concentrations greater than the background location 

IR73-IS01 (0.77 mg/L). Other downgradient wells and Hydropunch7 locations did not have 

detectable levels of nitrate with two exceptions at HydroPunch7 locations IR73-IS02 (0.38 mg/L) 

and IR73-IS11 (0.22 mg/L). The surficial wells also had low nitrate levels (0.2 mg/L) as given in 

Table 5-5. This suggests that low concentrations (~1 mg/L) of nitrate are characteristic of the 

local environment. Low levels of nitrate are indicative and supportive of reductive 

dechlorination (USEPA, 1998a; Wiedemeier et al, 1996). 
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5.2.4.3 Ferrous Iron (11) 

Table 5-3 presents the background levels of iron at Site 73, the average of which is somewhat 

elevated at 2.46 mg/L. Because reducing conditions are present, this is further evidence of the 

widespread reducing environment in the local subsurface environment. In the Hydropunch@ 

samples the average iron (II) level was 4.75 mg/L, while in the wells the average iron (II) level is 

3.4 mg/L. The location of maximum iron (II) levels is found at well 73-MW15. Figure 5-9 

depicts three major zones of elevated ferrous iron (II) in the upper surficial water-bearing zone. 

One zone extends from upgradient of the site (near HydroPunch7 locations IR73-IS 15 and IR73- 

IS16) to the former UST area (near IR73-IS18); the southern end of this area may be associated 

with BTEX degradation, but it is also likely that the swamp on the north side of State Highway 

172 is affecting upgradient groundwater chemistry in the northern portion of the site. 

The second zone of elevated ferrous iron (II) is in a corridor near HydroPunch7 locations IR73- 

IS14 and IR73-IS23 and monitoring well 73-MW15. Several other indicator parameters confirm 

that this corridor is associated with reductive dechlorination. Ferrous iron (II) levels in the 

corridor ranged from 10.7 mg/L to 18.7 mg/L. The increased levels of iron (II) within the 

corridor suggests that ferric iron (III) reducing organisms are biodegrading solvent-related 

contamination. Iron (II) levels greater than 1 mg/L indicate a reductive pathway is possible 

(USEPA, 1998a; Wiedemeier et. al, 1996). A third area of elevated ferrous iron (II) 

concentrations is near HydroPunch7 location IR73-IS2 1. These areas appear to indicate the 

locations of the degrading plumes as they move toward Courthouse Bay. 

Between the two areas of elevated ferrous iron described above, there is a zone of low ferrous 

iron concentration at HydroPunchQ location IR73-IS12 (0.2 mg/L). This location corresponds to 

the aerobic washdown area in which the reduction of ferric to ferrous iron would not take place 

to the degree that it does in the surrounding anerobic environment, or oxidation of ferrous iron 

back to iron (III) oxides may have occurred. 

5.2.4.4 Sulfate 

The average concentration of sulfate in background wells was 13.23 mg/L (Table 5-3).. Sulfate 

levels in the Hydropunch@ samples in the upper surficial water-bearing zone at Site 73 ranged 
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from less than detection limits to 150 mg/l (Table 5-4). The well concentrations were less, only 

reaching 60 mg/L. Figure 5-10 depicts the distribution of sulfate in the upper surficial aquifer at 

Site 73. Except for a high concentration of 52 mg/L detected in 4/01 at 73-MW 13, the entire 

middle section of the site has sulfate concentrations that are indicative of strongly reducing 

conditions. 

In the washdown area (near IR73-IS13) sulfate concentrations are higher. This is evidence that 

continual washing in this area induces recharge to the shallow groundwater that creates a 

localized aerobic environment near and downgradient of the washdown areas. 

5.2.4.5 Methane 

The average background concentration of methane at Site 73 was 0.09 mg/L (Table 5-13). This 

alone is indicative that reducing and methanogenic conditions are common in the vicinity of Site 

73. Methane levels at Site 73 ranged from 0.0035 mg/L to 18 mg/L in the Hydropunch@ samples 

and 0.006 to 16 mg/L in the wells screened in the surficial unit. Figure 5-l 1 depicts the 

distribution of methane in the upper surficial aquifer at Site 73. Elevated levels of methane (> 0.5 

mg/L) extend across the site with a large area of methane present at levels over 12 m&/L. Two 

areas of high methane concentrations exist immediately adjacent to Courthouse Bay. The first 

area is near HydroPunch7 location IR73-IS20 (18 mg/L) and the other is near HydroPunch7 

locations IR73-IS22 (16 mg/L) and IR73-IS23 (18 mg/L). These two areas coincide with 

locations of reduced sulfate levels, which indicate strongly reducing and meth.anogenic 

conditions in both areas. High methane levels are also observed at A47/3-8 in the well data from 

the LTM sampling events. 

Near and downgradient of the washdown area, there is a zone of low methane concentration. 

This zone is comprised of HydroPunch7 locations IR73-IS21 (0.4 mg/L) and IR73-IS13 (3.6 

mg/L), which exhibit much less methane the do the surrounding areas. This is also evidence that 

a localized aerobic zone exists near and downgradient of the washdown area. 
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5.2.4.6 Oxidation-Reduction Potential 

The background average oxidation-reduction potential (ORP) was 77 millivolts (mV) in the 

upper surficial aquifer (Table 5-3). The maximum redox value obtained in the plume area during 

the three years was 22.9 mV, indicating reduced conditions in the upper surficial unit. Figure 5- 

12 depicts the distribution of ORP in the upper surficial water-bearing zone at Site 73. Areas of 

depressed ORP (relative to background) include: 

. The area upgradient (northwest) of Building A-47 including areas immediately adjacent 

to the building, especially near well 73-MW27 and HydroPunch@ IR73-IS04 

. The area near HydroPunch7 locations IR73-IS24 and IR73-IS25 

. The area extending from HydroPunch7 location IR73-IS12 to IR73-IS 11 and IR73-IS20 

0 The area near well A47/3- 19 

The upgradient area and the area near well A47/3-19 are not suspected to be associated with 

known contaminant releases, but may be affected by the reducing environment of the: swamp 

north of State Highway 172. 

Also shown on Figure 5-12 is the area of higher ORP near the washdown area (HydroPunch7 

location IR73-IS13) likely caused by a repeated influx of oxygen-rich water sprayed on vehicles 

and equipment and subsequently leaching into the ground. A higher ORP is indicative of a more 

aerobic environment. 

5.2.4.7 Temperature 

In the upper surficial aquifer temperature ranged between 11 .O”C and 35°C. Biodegradation rates 

are typically accelerated at 20°C or higher (USEPA, 1998a; Wiedemeier et. al, 1996). More than 

half of the sample locations had temperatures higher than 20%. The highest groundwater 

temperatures are near Building A47. 
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5.2.4.8 Alkalinitv 

Table 5-3 shows that the average background concentration of bicarbonate/carbonate alkalinity 

was 4 mg/L. Alkalinity in the upper surficial water-bearing zone at Site 73 ranged from 0.0 mg/L 

to 1,225 mg/l. Figure 5-13 depicts the distribution of alkalinity in the upper surficial water- 

bearing zone at Site 73. 

Elevated alkalinity (i.e., more than twice background) is indicative of elevated levels of carbon 

dioxide generated by the degradation of fuel-related contamination and natural organic material 

(USEPA, 1998a; Wiedemeier et al, 1996). Figure 5-13 shows that elevated alkalinity levels are 

evident over most of the site south and east of Building A-47. Very high levels of alkalinity (> 

500 mg/L) are evident along the bay. Two areas in particular exhibit extremely high alkalinity: 

one is near HydroPunch7 locations IR73-ISll, IR73-IS19, IR73-IS20 and IR73-IS21 (600 to 

>800 mg/L) and another area near HydroPunch7 locations IR73-IS22 and IR73-IS23 and well 73- 

MW 15 (500 to >I ,200 mg/L). 

An important feature shown clearly on Figure 5-13 is the area of relatively low alkalinity 

corresponding to the washdown area. This area exhibits less than 100 mg/L alkalinity when all 

the surrounding area exhibits at least 200 to 300 mg!L. This is likely the result of aerated water 

recharge (oxygen-rich and low in alkalinity) from the washdown area infiltrating into the shallow 

groundwater on a regular basis. 

5.2.4.9 Chloride 

The average chloride concentration detected in background wells was 27 mg/L (Table 5-3). 

Chloride concentrations in the upper surficial aquifer at Site 73 ranged from 6.3 mg/L upgradient 

to 600 mg/L near the bay. Figure 5-14 depicts the distribution of chloride in the upper surficial 

water-bearing zone at Site 73. Elevated chloride concentrations (two times background 

concentrations) exist generally on the eastern half of the site. Higher chloride concentraltions (> 

80 mg/L) exist in the downgradient portion of the site, that is, near Courthouse Bay and an 

extremely high concentration exists at HydroPunch7 location IR73-IS23 (486 mg/L) and 73- 

MW 15 (600 mg/L). Along with the other evidence of geochemical indicators presented above, 

these chloride concentrations are indicative that reductive dechlorination of chlorinated solvent- 
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related contamination is occurring (USEPA, 1998a; Wiedemeier et. al, 1996). Another 

explanation of high chloride levels near the bay could be the result of seawater intrusion; 

however, other geochemical indicators are consistent with a reduced environment in this area. 

5.2.4.10 Total Organic Carbon 

Table 5-3 shows that background monitoring wells exhibited an average of 7.2 mg/L of total 

organic carbon (TOC). TOC is a measure of the amount of available substrate (carbon source) 

material. TOC levels supportive of natural attenuation typically are 20 mg/L or greater (USEPA, 

1998a; Wiedemeier et. al, 1996). TOC levels at Site 73 ranged from less than the detection limit 

to 74 mg/L. Figure 5-15 shows that concentrations greater than 20 mg/L exist over most of the 

site. Based on these facts, there appears to be sufficient substrate to support the dechlorination 

process. 

5.2.4.1 I General Plume Behavior 

Based on the patterns of electron acceptors, and metabolic by-products depicted in Figures 5-7 

through 5-15, there is convincing evidence that the plume of TCE is undergoing reductive 

dechlorination in a strongly reducing and methanogenic environment in the upper surticial 

aquifer. The predominant attenuative process is clearly reductive dechlorination. Usually, VC 

accumulates during the reductive dechlorination of TCE in a methanogenic region (USEPA, 

1998a; Wiedemeier et al, 1996); however, the VC that was produced has not accumulated 

beyond the “washdown area.” The VC detected at HydroPunch7 location IR73-IS22 is thought 

to be unrelated to the main TCE plume and could have originated either locally in the surficial 

water-bearing zone or in the Upper Castle Hayne and then migrated upwards as groundwater 

discharges to Courthouse Bay. 

Since VC is susceptible to oxidation, the localized aerobic zone under and downgradient of the 

washdown area may be responsible for the lack of VC in the further downgradient portions of the 

plume. Therefore, the lack of VC downgradient of the washdown area could very wlell be an 

unintended benefit received from the ongoing activities at the site. 
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Figures 5-9 and 5-10 show that iron reduction and sulfate reduction are occurring together in the 

“corridor” from HydroPunch7 location IR73-IS14, well 73-MW15 and IR73-IS23. Where iron 

and sulfate reduction occur together, VC does not accumulate to the same degree as it d’oes in a 

methanogenic environment alone (USEPA, 1998a; Wiedemeier et. al, 1996). 

A study done by Gossett and Spain (2001) at Cornell University has indicated that VC oxidation 

also can occur via biodegradation in the aerobic environment. Also, the final product of the 

reductive dechlorination process, ethane, was found at its highest concentration at the site (16 

pg/L) in 73-MW15. This indicates that the TCE has apparently been completely degraded by the 

time it reaches the bay in this flowpath. 

The result is that, regardless of the mechanism involved (oxidation, reduction, or aerobic 

biodegradation), the VC at Site 73 appears to be attenuated before reaching Courthouse Bay. 

5.2.4.12 Natural Attenuation (NA) Screening Process 

The data gathered in the upper surficial water-bearing zone was quantitatively assessed using the 

screening process (USEPA, 1998a; Wiedemeier et. al, 1996). Table 5-2 presents the values 

assigned to the natural attenuation (NA) parameters and Tables 5-4 and 5-5 presents the NA 

screening scores at each sampling location. The NA screening score represents the cumulative 

level of evidence for the anaerobic biodegradation of chlorinated solvents. These NA scores 

were plotted and contoured on Figure 5-16 where the following degrees of evidence were 

quantified: inadequate (~6 points), limited (6- 14 points), adequate (15-20 points) and strong (>20 

points). The results with respect to each chlorinated solvent-related plume are summarized 

below: 

Eight locations exhibited strong evidence (>20 points) for reductive dechlorination. They were 

A47/3-8,73-MW13,73-MW15, ISO8, ISO9, IS1 8, IS19, and IS20. 

HydroPunch@ location IR73-IS18 is near the UST area and its high score is more likeky related 

to the presence of trace BTEX and the dechlorination of trace PCE levels to TCE than to the 

dechlorination of the main TCE plume. The source of the trace PCE in IR73-IS09 is unknown 

and may be unrelated to the main TCE plume near Building A-47. The other locations are 
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located near the center of the site and their high scores are most likely associated with reductive 

dechlorination of TCE. 

There were seventeen locations where adequate evidence for reductive dechlorination (15-20 

points) was found. These were 73-MW08, 73-MW29, 73-A47/3-11, 73-A47/3-16, ISO2, ISO3, 

ISO5, IS06, ISO7, IS 11, IS 13, IS 14, IS21, IS22, IS23, IS24, and IS25. These are all located 

around the center of the site and near the bay. 

Seven locations exhibited limited evidence for reductive dechlorination: 73-MW09, IS0 1, IS 10, 

IS 12, IS 15, IS 16, and IS 17. These locations are all around the perimeter of the site or near the 

washdown area. 

5.2.5 Chemical Indications of Contaminant Biodegradation in the Upper Castle Hayne 

Aquifer 

This section presents and assesses the distribution of site-specific geochemical indicat’ors with 

respect to contaminant plumes in the upper Castle Hayne Aquifer. The footprints of metabolic 

by-products and electron acceptors, and reductive processes occurring in each portion of the 

aquifer are identified and discussed. 

The observations noted in this section are based on field parameters and fixed-base laboratory 

data from the sampling efforts conducted in 1 l/98, 5J99, 7JO0, lO/OO, 1 JOl, 4JO1, 5JO1, and 7JOl. 

The actual concentrations and the associated scores for the upper Castle Hayne Aquifer are 

included in Table 5-6. Background information is found in Table 5-3. Figures 5-17 through 5-25 

depict the contours of the geochemical parameters in the Castle Hayne Aquifer. It should be 

noted that only the maximum concentration of each parameter from the 1998-2001 time frame 

was used to create the contour. 

5.2.6 Chemical Indications of Contaminant Biodegradation in the Upper Castle Hayne 

Aquifer 

This section presents and assesses the distribution of site-specific geochemical indicators with 

respect to contaminant plumes in the upper Castle Hayne Aquifer. The footprints of metabolic 
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by-products and electron acceptors, and reductive processes occurring in each portion of the 

aquifer are identified and discussed. 

The observations noted in this section are based on field parameters and fixed-base laboratory 

data from the sampling efforts conducted in November, 1998 and in May, 1999. The actual 

concentrations and the associated scores for the upper Castle Hayne Aquifer are included in 

Table 5-5. 

5.2.6-l Dissolved Oxygen 

Table 5-3 presents the background levels of dissolved oxygen (DO) in the upper Castle: Hayne 

Aquifer. The average concentration in the background wells was 1.08 mg/L. Table :5-6 and 

Figure 5- 17 show that DO in the upper Castle Hayne Aquifer at Site 73 ranged from 0.15 lmg/L to 

2.0 mg!L. The low levels of DO that were observed site-wide are characteristic of the low-energy 

environment in the vicinity of Site 73. Based on the observed DO levels, the upper Castle Hayne 

Aquifer appears to be anaerobic to a degree that could support reductive dechlorination (i.e., DO 

~0.5 mg/L) (USEPA, 1998a; Wiedemeier et al, 1996). 

5.2.6.2 Nitrate 

Nitrate was detected in low levels in the background locations, with an average of 0.1 mg/L. 

Table 5-6 and Figure 5-18 shows that nitrate was not present above 0.2 mg/L across ,the site. 

Low concentrations of nitrate (~1 mg/L) are supportive of reductive dechlorination because 

nitrate is unavailable for competition with a reductive pathway (USEPA, 1998a; Wiederneier et. 

al, 1996). Low levels of nitrate are characteristic of the Site 73 subsurface environment. 

5.2.6.3 Ferrous Iron (11) 

The average concentration of ferrous iron in background Castle Hayne wells was 0.5 mg/L 

(Table 5-3). Ferrous iron levels greater than 1 mg/L indicate a reductive pathway is possible 

(USEPA, 1998a; Wiedemeier et. al, 1996). Figure 5-l 9 depicts the distribution of ferrous iron 

(II) in the upper Castle Hayne Aquifer. Ferrous iron (II) concentrations equal to or greater than 1 

mg/L were observed in eight of the wells in the upper Castle Hayne Aquifer. The highest 
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concentrations of ferrous iron are located in the same location as the TCE contamination in the 

upper Castle Hayne Aquifer (including daughter products). This is evidence that reductive 

dechlorination is taking place at least partially due to iron reducing conditions. 

5.2.6.4 Sulfate 

The average concentration of sulfate in the background upper Castle Hayne Aquifer wells is very 

low at 0.47 mg/L. Sulfate levels at the site ranged from 0.0 mg/L to 39 mg/L (Table 5-6). Figure 

5-20 depicts the distribution of sulfate in the upper Castle Hayne Aquifer at Site 73. Sulfate 

concentrations less than 20 mg/L are supportive of reductive dechlorination. 

5.2.6.5 Methane 

Background methane levels in the upper Castle Hayne Aquifer at Site 73 averaged 0. I mg/L 

(Table 5-3). Figure 5-21 and Table 5-6 show that methane concentrations across Site 73 ranged 

from 0.053 to 7.0 mg/L. The presence of daughter products (DCE and VC, see Figure 4-16) 

within the footprint of methane concentrations greater than 0.5 mg/L is strong evidence that 

reductive dechlorination is likely occurring due to methanogenic conditions. 

5.2.6.6 Oxidation-Reduction Potential 

The background average oxidation-reduction potential (ORP) in the Castle Hayne Aquifer was 

-100.5 mV in the upper Castle Hayne Aquifer (Table 5-3), which indicates that a reductive 

pathway is likely (USEPA, 1998a; Wiedemeier et. al, 1996). Figure 5-22 depicts the distribution 

of ORP in the upper Castle Hayne Aquifer at Site 73. The ORP measurements were less than 

56.0 mV; the only ORP values greater than -50 mV were found in 73-DW03 (+9.39 mV), 73- 

DW04 (+9.59 mV), and 78-MW38DW (55.9 mV). 73-MW38DW is located in the lower portion 

of the Castle Hayne and may be unaffected by the reducing conditions present in the upper 

portion of the Castle Hayne. 
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5.2.6.7 Temperature 

In the upper Castle Hayne Aquifer temperature ranged between 17.3”C and 3 1.5”C. 

Biodegradation rates are typically accelerated at 20°C or higher (Wiedemeier et. al, 1996). 

5.2.6.8 Alkalinity 

Background values of alkalinity in the upper Castle Hayne Aquifer at Site 73 averaged 4 mg/L 

(see Table 5-3). Alkalinity concentrations across the site ranged from 27 to 458 mg/L (see Table 

5-6). Figure 5-23 depicts the distribution of alkalinity in the upper Castle Hayne Aquifer at Site 

73. Elevated alkalinity values (greater than twice background) were found at four wells: 

IR73-MW44DW (458 mg/L), IR73-MW39DW (290 mg/L), 73-DW03 (255 ma), and 73- 

MW49DW. These wells correspond to the area of highest contamination and is evidence that 

reductive dechlorination is favorable (USEPA, 1998a; Wiedemeier et. al, 1996). 

5.2.6.9 Chloride 

The average background chloride concentration in the upper Castle Hayne Aquifer was 13.7 

mg/L (Table 5-3). Chloride concentrations in the upper Castle Hayne Aquifer across Site 73 

ranged from 7.9 mg/L to 383 mg/L. Figure 5-24 depicts the distribution of chloride in tlhe upper 

Castle Hayne at Site 73. Elevated chloride concentrations (two times bac.kground 

concentrations) exist in five of the nine sampled wells. The highest concentrations do not appear 

to be at the center of the plume. Instead they are near 73-MW50DW. Along with the other 

evidence of geochemical indicators presented above, these chloride concentrations are indicative 

that reductive dechlorination of chlorinated solvent-related contamination is occurring (USEPA, 

1998a; Wiedemeier et. al, 1996). 

5.2.6.10 Total Organic Carbon 

Background levels of TOC averaged 6.8 mg/L (Table 5-3). Typically, plumes di.splaying 

adequate evidence of natural attenuation have TOC of 20 mg/L or greater. TOC data ranged 

from 0 to 59.5 mg/L in the Castle Hayne (see Figure 5-25). As a result, reductive dechlorination 

is being sustained in the upper Castle Hayne Aquifer. 
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5.2.6.11 General Plume Behavior 

Based on the pattern of electron acceptors, metabolic by-products and daughter products, it is 

clear that reductive dechlorination is occurring in the upper Castle Hayne Aquifer under Site 73. 

Figures 5-17 through 5-25 indicate the TCE plume is undergoing iron reduction, sulfate 

reduction, and methanogenesis. The accumulation of DCE and VC is also occurring in the 

vicinity of the TCE plume (Figure 4-16). The accumulation of VC is expected during the 

reductive dechlorination of TCE in a methanogenic region (USEPA, 1998a; Wiedemeier et. al, 

1996). 

As stated in Section 4, however, complete delineation of the plume in the Castle Hayne aquifer 

has not been attained. Also, increasing concentrations in 73-MW39DW indicate that the plume 

may not be in a steady state condition. 

5.2.6.12 Natural Attenuation (NA) Screening Process 

The data gathered in the upper Castle Hayne Aquifer were quantitatively assessed using the 

screening process (USEPA, 1998a; Wiedemeier et. al, 1996). Table 5-2 presents the values 

assigned to the natural attenuation (NA) parameters, and Table 5-6 presents the NA screening 

scores at each well. The NA screening score represents the cumulative level of evidence for the 

anaerobic biodegradation of chlorinated solvents. These NA scores were plotted and contoured 

on Figure 5-26 where the following degrees of evidence were quantified: inadequate (~6 points), 

limited (6-14 points), adequate (15-20 points) and strong (>20 points). The results with respect 

to each chlorinated solvent-related plume are summarized below: 

Two locations exhibited strong evidence (>20 points) for reductive dechlorination: 73-D’W03 and 

IR73-MW44DW. These wells are in the area of highest contaminant concentration. Seven wells 

exhibited adequate evidence (15 - 20 points) for reductive dechlorination during one or more 

sampling event: 73-DW04, 73-MW39DW, IR73-MW40DW, 73-MW41DW, 73-MW48DW, 

73-MW49DW, and 73-MW50DW. Except for 73-MW49DW and 73-MW50DW, these wells are 

downgradient of the main TCE plume. 

The remaining wells exhibited limited evidence of reductive dechlorination. 
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5.3 Simulatiw the Natural Attenuation Process at Site 73 

To simulate the natural attenuation processes at the site, data were input into a model with 

simplifying assumptions. A groundwater transport and natural attenuation screening model, 

BIOCHLOR (GSI and USEPA, 2000), was used to predict the behavior of the dissolved 

plume(s). BIOCHLOR is a two-dimensional analytical model that calculates concentrations of 

chlorinated compounds in a plume centerline. BIOCHLOR is based on the Domenico model 

(1987) with the addition of the dechlorination simulation for chlorinated ethenes or ethanes. The 

documentation for BIOCHLOR can be found in Appendix G. 

The approach to modeling consisted of calibrating (matching) the observed concentrations in the 

model after a time period of 25 years. This period was chosen as a likely time when operations 

were fully underway at the Amphibious Vehicle Maintenance Facility until the end. of the 

Vietnam era (mid 1970’s). The use of TCE as a degreaser and its disposal on the ground was a 

common practice at that time. 

5.3.1 Calculation of Biodegradation Rates 

An important input parameter to the BIOCHLOR model is the biodegradation rate for each 

contaminant. An attempt was made to use the observed concentration data to calculate 

biodegradation rates for each contaminant using the Buschek and Alcantar method (1995). 

However, an important assumption of the Buschek and Alcantar method is not valid at this site: 

The calculated half-life incorporates all attenuation processes. This assumption would be 

violated if the calculated half-lives are used in the BIOCHLOR model for the daughter products. 

The reason is that the BIOCHLOR model simulates the production of daughter products, which 

would already have been incorporated into the calculated (apparent) biodegradation rates for 

DCE and VC. Therefore, the biodegradation rates calculated by the Buschek and .Alcantar 

method, if used in the BIOCHLOR model, would not accurately predict the concentrations of 

daughter products; therefore, they cannot be used validly in the BIOCHLOR model. 

Even with the knowledge that the calculated biodegradation rates were of limited use, an attempt 

was made to quantify them in case the overall (apparent) rates of degradation were needed. The 
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results of the Buschek and Alcantar calculations are presented in Appendix H. The most useful 

degradation rates were obtained by calibrating the model to the observed chemical data (see 

section 5.3.2) and is discussed below. 

The equation developed by Buscheck and Alcantar (1995) was used to calculate first-order rate 

constants for TCE, DCE and VC. The equation is given as: 

A = VJ4a,[( 1+2ax(kAf,)12-1 

where: 3L = first order rate constant (days“) 

V, = solute transport (contaminant) velocity (m/day) 

a, = dispersivity (m) 

wx = slope of line defined by the natural logarithm of concentration versus 

distance 

A detailed explanation of this equation is provided in Appendix I. Based on the groundwater 

elevations in the surficial aquifer and Castle Hayne Aquifer during May, 1999 (see Figures 3- 10 

and 3-l I), flowpaths on plume centerlines were identified using the existing wells. The 

biodegradation rates were calculated using wells along these flowpaths. 

The contaminant velocities were calculated for each contaminant by dividing the groundwater 

(advective) velocity by the respective retardation factors, which were based on the carbon 

content of the soil, the sorption (distribution) coefficient of the contaminant and the Iporosity. 

The formula for calculating retardation is R = 1 + (K, foe pb / n,) where K,, is the organic carbon 

distribution coefficient, f, is the fraction of organic content, pb is the bulk density of the soil, and 

n, is the effective porosity. Since each contaminant is adsorbed by the soil differently, the 

retardation factor is different for each contaminant. The organic carbon distribution coefficient 

for each contaminant was taken from the Physical-Chemical Properties and Environmental Fate 

Handbook (Mackay et. al, 1999) as the mean value of all the available values reported in an 

aqueous/soil environment. The fraction of organic content of the sand was estimated as 0.0071 

(Jury, 1986) and the bulk density of the soil was estimated at 1.7 kg/L. Effective porosity for 

both the upper surficial hydrologic unit and the Castle Hayne Aquifer was estimated at 0.25. The 

results of the mean degradation rate and half-life calculations from the Buschek and Alcantar 
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method, along with the resulting retardation factors are given in Table 5-7. All Buschek 

spreadsheet calculations are given in Appendix H. 

5.3.1.1 Upper Surficial Aquifer 

Based on the groundwater elevations in the surficial water-bearing zone during May 1999, three 

separate flowpaths were defined from upgradient to downgradient as follows: 

. PATH A - IR73-IS04, IR73-IS08,73MW-13, A47/3-8, IR73-IS20 (610 feet) 

l PATH B - IR73-IS04, IR73-IS08,73MW-13, IR73-IS12 (360 feet) 

. PATH C - IR73-IS09, IR73-IS14, and 73MW-15 (250 feet) 

Path A was defined to flow through the highest concentrations of the plume (see Figure 4-2). 

Paths B and C were defined to flow through the more aerobic zone near the washdown area. 

Based on the water table elevations of the upper surficial aquifer in May 1999, an average 

hydraulic gradient was found to be 0.010. The hydraulic conductivity of the aquifer was 3.3 

R/day, based on the recent slug test results and the findings in the Groundwater Modeling Report 

(Baker, 1998). These values resulted in an average groundwater flow velocity of 48.2 ft./year in 

the upper surficial aquifer. 

The contaminant velocities of the contaminants in the upper surficial water-bearing zone were 

calculated to be: 

. TCE - 6.6 It/year 

. DCE - 14 ft/year 

. VC - 20 ftfyear. 

5.3.1.2 Upper Castle Hayne Aquifer 

In the Castle Hayne Aquifer, two flowpaths were used for all contaminants: 
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0 PATH A: 73-MW49DW, 73-MW48DW, 73-MW47DW 

. PATH B: IR73-MW44,73-DW03, IR73-MW39, IR73-MW40,73-DW04, IR73-MW45. 

The average hydraulic gradient was estimated at 0.00075, based on the May 1999 potentiometric 

surface. Because of the range of values available, precise hydraulic conductivity, K, values for 

the Castle Hayne Aquifer were difficult to estimate. Based on the findings in the Remedial 

Investigation Report (Baker, 1997), a value of 50 ft/day was determined by averaging several 

different agency results (Cardinell et al, 1993). The Groundwater Modeling Report (Baker, 

1998) reported a range of hydraulic conductivity values from 4 to 65 ft/day and a ca.librated 

(model) value of 8 ft/day. Again, the porosity was assumed to be 0.25. These values resulted in 

a groundwater flow velocity of 54.8 ft/year for the higher K (50 ft/day) and 8.8 ft/year for the 

lower value of K (8 ft/day). Both values were used in the Buschek method to determine a range 

of half-lives. 

Table 5-7 shows that the lower value of hydraulic conductivity in the Castle Hayne resulted in 

half-lives for the contaminants of concern that were much higher than those reported as typical in 

the literature. This indicates that the low K value may not be reasonable. These half-lives are 

also much higher than those obtained for the upper surficial aquifer. The higher hydraulic 

conductivity value seemed more reasonable because it resulted in half-lives in the Castle Hayne 

that were more similar to the half-lives in the literature and those in the upper surficial aquifer. 

5.3.2 Groundwater Model B Background, Assumptions, and Input Values 

BIOCHLOR is a semi-analytical solution to reactive transport of chlorinated ethenes (or ethanes) 

with reductive dechlorination following first-order kinetics. The source is modeled as a two- 

dimensional plane perpendicular to the groundwater flow with a constant concentration over 

time. It takes into account the formation (production) of daughter products such as DCE, VC, and 

ethene and models their degradation as well. Consequently, an increase in concentration of 

daughter products may occur before their eventual degradation. It uses the Domenico model 

(1987) for solute transport with the modification that degradation reactions only occur in the 

aqueous phase, not in the sorbed phase. This model assumes a homogeneous and isotropic flow 

field, a groundwater velocity fast enough that molecular diffusion in the dispersion terms can be 
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ignored, and adsorption that is linearly reversible. In addition, the model is limited to 

uncomplicated flow fields, where large pumping systems are not in use, vertical flow gradients 

do not affect the contaminant transport, and hydrogeologic conditions do not change dramatically 

over the flow field. While some of these assumptions could be challenged at Site 73, each 

flowpath was designed such that these assumptions generally held true. 

Other input parameters for BIOCHLOR are hydraulic conductivity, effective porosity, 

retardation factors, and dispersivity. It should be noted that BIOCHLOR could use only one 

value of retardation in the simulations. Since TCE, DCE and VC are more prevalent 

contaminants than any other at this site, a median retardation factor for those three values (3.4) 

was used so that the transport would be at a more realistic rate for all three than the median 

chosen by default in BIOCHLOR (7.3). The longitudinal dispersivity value was calculated by 

the model based on either a constan; value (40 feet) or by an empirical formula developed by Xu 

and Eckstein (1995). The transverse and vertical dispersivity values were estimated at one-third 

and 1/25th of the longitudinal dispersivity value, respectively. All other parameters were kept 

consistent between the Buschek calculations and the BIOCHLOR simulations. 

BIOCHLOR assumes a vertical plane of constant concentration as the source. The source was 

modeled 40 feet deep (in the upper surficial zone) or 100 feet deep (in the Castle Hayne) and 200 

feet wide to account for a vertical area where the highest levels of contamination are seen. The 

source in the upper surficial is assumed to be near 73-MW27, IR73-IS03, and/or IR73-IS04 and 

near 73-DW03, 73-MW49DW and IR73-MW44 in the Castle Hayne simulation. The initial 

concentrations of the contaminants were taken as the actual concentrations reported in the nearby 

area, not necessarily at the exact location of the plume source. 

The plume length in the upper surficial water-bearing zone was input as 700 feet, approximately 

the distance between 73-MW27 and Courthouse Bay along the longest flowpath. The plume 

length in the Castle Hayne Aquifer was input as 500 feet, approximately the distance between 

IR73-MW44DW and Courthouse Bay in a southerly direction. Simulation time was chosen at 25 

years. The observed field values of contaminant concentrations are also input and plotted versus 

distance on the output graphs. 
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The input parameters and the output results are shown for each model run, given in Figures 5-27 

through 5-36. 

5.3.3 Results of BIOCHLOR Modeling 

Initially, the calculated biodegradation rates calculated from the Buschek and Alcantar (1995) 

method were used as inputs in BIOCHLOR; however, the calculated biodegradation rates were 

found to be insufficient to describe the observed behavior of the plumes at the site. It vvas then 

noted that the calculation of biodegradation rates by the Buschek method were not valid at Site 

73 (see discussion in section 5.3.1). It was decided that the best way to arrive at degradation 

rates for TCE and its daughter products would be to calibrate them to the observed data. The 

assumption of plume equilibrium is crucial to this approach and still seems reasonable if the 

plume has been there since about 1975 to 1980. This timeframe also seems reasonable because 

the former maintenance building (A-3) was in use at this time, which would allow disposal in the 

unpaved area where the new building (A-47) was later built. The RI Report (Baker, 1996) 

discussed this in more detail. 

The results of the BIOCHLOR simulations [upper surficial Paths A, B, and C; Castle HayneB 

Path A, High K; and Castle HayneB Path A, Low K) are shown in Figures 5-27 through 5-36. 

The figures show the model’s prediction of degradation with distance along the plume centerline 

of the contaminants TCE, DCE, and VC, plotted along with the observed field data. 

5.3.3.1 Upper Surficial Aquifer 

Path A in the upper surficiai water-bearing zone is depicted in Figures 5-27 and 5-28.. In this 

flowpath the calibrated TCE half-life had to be short (t2 = 0.4 years = 146 days), because it was 

not detected at HydroPunch7 location IR73-ISOS, the second stop on the flowpath, 110 feet from 

the source. The calibrated DCE half-life (t2 = 1.5 years) was chosen to match the observed data. 

The VC half-life (t2 = 5 years) was also chosen to match the highest value of observed data at 

well A47/3-8, thereby overestimating the VC concentration at two upgradient HydroPunch7 

locations. It is possible that the two upgradient well/HydroPunch7 locations did not sample the 

center of the VC plume. An alternative to this interpretation would have been to match the lower 

upgradient values (with a much lower VC half-life) and assume that another source was 
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responsible for the higher VC value at the downgradient location. Even so, the simulated 

concentrations of TCE, DCE, and VC are close to the observed values of contaminants. 

It should be noted that the predicted concentration of ethene was much higher than was actually 

observed. One reason could be that the ethene is also being degraded rapidly. This will be 

discussed in more detail below. 

The fate of the contaminants from this point onward is also a concern. Under this scenario in 

Path A, with all the underlying assumptions, TCE and DCE would be degraded before reaching 

Courthouse Bay. BIOCHLOR predicts that VC would take 10 more years (a total of 35 years) to 

be detectable (0.002 mg/L) in groundwater adjacent to Courthouse Bay and would then take a 

total of 70 years reach a maximum concentration of 0.0 13 mg/L. With the dilution of the: surface 

water, this would not be detectable in the bay. 

Path B is depicted in Figures 5-29 and 5-30. Since Path B flows through the washdown area, it 

was necessary to use two zones in BIOCHLOR such that the first zone (near the source) was 

similar to Path A and the second zone was a more aerobic zone in which DCE and VC were 

rapidly degraded via oxidation. In Zone 1, the half-lives for TCE and DCE are very siimilar to 

that used in Path A. (TCE tz = 0.3 years = 1 10 days; DCE t2 = 1.2 years; and VC t2 = 0.8 years). 

In Zone 2, the half-lives were reduced (about 0.1 years) to match the non-detects found 335 feet 

from the source in IR73-IS 12. 

Under this scenario in Path B, the contaminants are predicted to be completely degraded before 

reaching Courthouse Bay. Because of the short half-lives in this flowpath, the contaminants have 

migrated as far as they ever will and cannot reach the bay. 

Path C is depicted in Figures 5-3 1 and 5-32. Path C also flows through the washdown area and 

consists of two zones. The half-lives in the two zones of Path C were made identical to those in 

Path B. In this path, the half-lives had to be low enough to degrade all the contaminants at IR73- 

IS14, a distance of 150 from the source. Again, The contaminants in Path C are predicted to be 

completely degraded before reaching Courthouse Bay in the future. 
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An interesting piece of supporting evidence for this scenario is the detection of 0.016 mg/L of 

ethane 250 feet from the source. Figure 5-32 shows that the maximum predicted concentration of 

ethene would be at a distance of 220 feet from the source. The highest detection of ethane is just 

downgradient from this predicted point, which would be expected if the ethene degraded to 

ethane quickly. The low levels of ethene support this theory also. 

5.3.3.2 Castle Havne Aquifer 

The Castle Hayne Aquifer was simulated using the high and the low K values from the range of 

reported values. The two simulations of the Castle Hayne Aquifer are depicted in Figures 5-33 

through 5-36. 

Figure 5-33 and 5-34 show that the higher K value used with Path A yields a good match to the 

observed data in 25 years when the foilowing tl12 values were used: TCE half-life (t1/2 = 0.8 

years); DCE half-life (t i/2 = 0.36 years); VC half-life (t 112 = 0.04 years). This scenario Ipredicts 

that the plume has reached very near its maximum travel distance at the present time (a total of 

25 years) and will not reach the bay. 

Figure 5-35 and 5-36 show that the observed concentrations could not be matched in 25 years 

with the smaller K value. Even with artificially large half-lives, the plume could not travel fast 

enough to simulate present-day conditions. Under this scenario, it would take 75 years to reach 

the present-day concentrations. This scenario reveals that the low K value is not reasonable for 

the Castle Hayne Aquifer. Therefore, the lower K value will be discounted from inclusion in any 

further discussions. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The sub-sections that follow briefly summarize the findings of the NAE and provide 

recommendations for future actions at the site based on the findings. 

6.1 BTEX Plume - Upper Surficial Aquifer 

Conclusions 

Benzene is the only fuel-related compound that is still detectable in portions of the surficial 

aquifer. The benzene plume size has remained relatively the same as that plotted during the RI. 

It extends downgradient from the approximate middle of the site to Courthouse Bay. What is 

significant is that the benzene concentrations have remained steady or decreased considerably 

since the RI. This indicates that the benzene and other fuel related compounds that may have 

been left in the groundwater since the RI have been degraded by natural, in-situ processes. 

Recommendations 

The long-term monitoring program developed for site 73 should continually assess the jprogress 

of natural attenuation. This program should continue to include benzene as a monitoring 

parameter. 

6.2 BTEX Plume - Upper Castle Havne Aquifer 

Conclusions 

The fate of fuel related compounds in the upper Castle Hayne Aquifer mirrors that seen in the 

upper surficial aquifer. The only constituent remaining in the plume is benzene. Concentrations 

range from less than 20 us/l in the center of the site to less than 0.5 ug/l at Courthouse Bay It 

does not appear that benzene is reaching Courthouse Bay based on the monitoring data. 
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Recommendations 

The long-term monitoring program developed for Site 73 should continually assess the progress 

of natural attenuation of fuel-related contamination, in order to ensure that COC’s do not reach 

the Bay. This program specifically includes benzene as a monitoring parameter. One or two 

additional upper Castle Hayne Aquifer wells were required along the western portion of the 

plume to ensure adequate monitoring. These were installed during the deep well installation 

program in May 200 1. 

6.3 Chlorinated Solvent Plume - Upper Surficial Aquifer 

Conclusions 

A plume of TCE and daughter compounds DCE and VC continues to be present in the upper 

surficial aquifer. The highest concentration of TCE is seen in the central portion of the site with 

levels decreasing toward Courthouse Bay. 

The reduced levels of TCE, the presence of TCE daughter compounds and their pattern of 

occurrence are all indicative of natural attenuation taking place in the subsurface. It appears that 

the natural processes are now able to stop migration of TCE to Courthouse Bay. Based on the 

evidence, it is concluded that natural attenuation is effective at Site 73 and will be capable of 

addressing the problems associated with the chlorinated solvent plume in the upper surficial 

aquifer plume. 

There are, however, detections of vinyl chloride in the upper surficial aquifer near the Bay that 

are suspected to originate in the Castle Hayne aquifer. These may discharge to Courthouse Bay. 

At the current levels, it is likely that dilution and volatilization would immediately reduce the 

concentrations to below detection limits. 

Recommendations 

The long-term monitoring program was developed and implemented at Site 73 to continually 

assess the progress of natural attenuation of chlorinated solvent-related contamination in the 
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upper surficial aquifer. The existing well network is sufficient to allow selected strategically 

placed existing wells to be proposed for use in the program, although a thorough review of the 

well network continues. Additional wells were incorporated into the LTM program to measure 

the vinyl chloride levels in the area around well 73-MW09. TCE, cis 1,2-DCE, trans l,%- DCE, 

and VC were included in the plan as the contaminants of concern for monitoring. 

An air sparge system is being installed by the IT Group near the bay to address vinyl chloride 

concentrations in the upper surficial aquifer. 

6.4 Chlorinated Solvent Plume - Upper Castle Hayne Aquifer 

Conclusions 

A plume of TCE and daughter compounds DCE and VC has been identified in the upper Castle 

Hayne Aquifer. The plume is apparently oriented in a north - south direction through the center 

of the site. During the NAE and later well installation, higher levels of TCE were detected in the 

Castle Hayne than were previously found. At the present time, insufficient site investigation has 

been done to establish the extent of the plume in the northern and western portions of the site. 

While the horizontal and vertical extent of the plume still needs to be firmly established, it is 

apparent reductive dechlorination is taking place in the deeper groundwater. This is evidenced 

by the presence of TCE daughter products where attenuation models predict their occurrence. 

Based on first-order degradation rates and the flowpaths in the upper Castle Hayne Aquifer, it is 

unlikely that organics (including VC) are being discharged to Courthouse Bay. /Note: This 

conclusion is contingent on the plume not containing significantly higher concentrations of 

contaminants in areas still requiring additional characterization.] In fact, none of the Castle 

Hayne sentinel wells along the Bay have had detections of chlorinated compounds in them. 

Recommendations 

Additional site characterization is needed in the upper Castle Hayne Aquifer to establish the 

lateral and vertical extent of the chlorinated solvent plume. This characterization mo:st likely 

cannot be done using HydropunchO or GeoprobeO sampling because of the nature and depth of 
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the Castle Hayne aquifer at this location. Given that, monitoring wells are required around 73- 

MW49DW in order to better delineate the plume in this area and to estimate the mass of 

contamination at the site. Once the site characterization is complete, a focused feasibility study 

should be performed to investigate potential hot spot remediation options at this site. The 

evidence suggests that natural attenuation is addressing the known plume of contamination in the 

upper Castle Hayne Aquifer. However, given the significant concentration of TCE found in 

some of the new deep wells, it is unlikely that natural attenuation can be the sole remedy at 

Site 73. It may, however, be used as a polishing step after source control is completed. 

The upper Castle Hayne Aquifer should continue in the long-term monitoring program developed 

for the upper surficial aquifer. 

6.5 Possible Presence of Free Product in MW-14 

Conclusions 

Possible free product was confirmed during the LTM events. 73-MW 14 was pumped by vacuum 

truck to remove the free product. A minimal quantity of product was removed. Repeat product 

removal activities has yielded less product each time. 

Recommendations 

A limited investigation should be made as to the actual source, nature and extent of the free 

product in this well. This work should be limited since the occurrence of free prgoduct is 

apparently a localized phenomenon. 
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TABLE 2-l 

SUMMARY OF HYDROPUNCH BORINGS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

Scree:n Interval 

LR73-IS17-04 1 5/17/99 1 Baker 11.93 15 5-9 
I 

IR73-IS17-07 1 5/17/99 1 Baker I 11.93 I 15 
TRANSECT B-B’ 

IR73-ISO5-04 1 I Baker I 8.56 16 
IR73-ISO5-06 1 Baker 8.56 16 
lR73-ISO6-04 1 ! Baker ! 7.9 ! 16 8-12 ] 

1 Baker ! 8.93 ! 16 ! 1 4-8 

L 

IR73-ISO6-06 Baker 7.9 16 
IR73-IS07-04 Baker 8.08 18 
IR73-ISO7-06 Baker 8.08 18 
IR73- JSO8-02 1 
IR73-ISO8-04 Baker 8.93 16 
IR73-ISO8-06 Baker 8.93 16 
IR73-ISO9-03 Baker 7.99 14 
IR73-ISO9-05 Ralrer 7 99 14 

TR73-TS 15-02 

IR73-IS15-04 1 I Baker I 9.22 I 12 I 8-12 1 

7.7 16 1 8-12 

7.92 19 1 7-11 

us/j-1313-u4 mua 

IR73-IS14-03 Baker 
IR73-IS14-05 Baker 
IR73 -IS 18-04 Baker 
IR73-IS18-06 Baker 
IR73-IS18-08 Baker 

J.LJ 

7.99 ;i 

7.99 14 
7.27 16 
7.27 ! 16 ! 1 8-12 
7.27 I 16 I 12-16 1 



TABLE 2-l 

SUMMARY OF HYDROPUNCH BORINGS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

Consultant Top ofPVC Casing/Ground I- - - ’ Hydropunch 
I 

Well No. 
Date 

Installed 
Supervising Surface Elevation Boring Depth 

Screen Interval 

Installation (feet, above msl)(‘) (feet, bgs)“’ 
Depth. (feet, bgs) 

TRANSECT D-D’ 4-8 
IR73-IS1 l-02 1 l/14/99 Baker 6.9 12 4-8 
JR73-ISll. -04 1 11/14/99 I Baker ! 6.9 
IR73-IS19-02 I 5/17/99 I ! 

! 12 ! 
___I 
8-12 1 

Baker 5.08 I 12 I o-4 
IR73-IS19- -03 1 507199 1 Baker ! 5.08 ! 12 ! 26 
IR73-IS19-04 1 5/17/99 1 Baker 1 5.08 I 12 I 4-8 1 
IR73-IS19. -06 1 5/17/99 1 Baker ! 5.08 ! 12 1 8-12 ] 

IR73-IS20-02 1 5/14/99 1 Baker I 4.65 I 11 I 
LR73-IS20-03 i 5/14/99 1 Raker 4 65 11 

I IR73-IS20-05 I 5/14/9! 
----- ..-- -- ? Baker 4.65 11 

5114199 Baker 3.3 9 
5114199 Baker 3.3 9 
5114199 Baker 1.55 5 
5113199 Baker 2.09 11 
5/13/99 Baker 2.09 11 
5/13/99 Baker 2.09 11 
5/13/99 Baker 1.74 9 

I IR73-IS24-04 I 5/13/99 I Baker I 1.74 I 9 I 7-9 

IR73-IS25-03 1 5/13/99 1 Baker I 6.02 I 9 I IR73-IS25-04 1 5/13/99 1 Baker 6.02 9 %-I 

msl = mean sea level 

(*) bgs = below ground surface 



TABLE 2-2 

SUMMARY OF NEWLY INSTALLED GROUNDWATER MONITORING WELL CONSTRUCTION DETAILS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

Consultant 

Well No. 
Date 

Installed 
Supervising 

Well 
Installation 

Top of PVC Casing 

(1) msl = mean sea level 

(‘) bgs = below ground surface 

(3) Negative values indicate that wells were installed in high traffic areas and the protective casing is flush with ground surface 

(4) NA = information is not available 



TABLE 2-3 

SUMMARY OF EXISTING GROUNDWATER MONITORING WELL CONSTRUCTION DETAILS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

Ground Boring Depth of 8” 
Depth of 6” 

Screen 
Consultant Top of PVC Casing Surface Stick-Up (feet, Depth Well 

Steel Interval 
Depth to Depth to 

Well No. 
Date Elevation Depth Steel Casing Sand Pack Bentonite 

Installed 
Supervising Well Elevation (feet, 

Casing 
Installation above msl)(‘) (feet, above 

abz[czyd (feet, Depth 
bgs)“’ 

(feet, bgs) 
(feet, bgs) (feet’ bgs) (feet, bgs) 

(feet, bgs) (feet, bgs) 
msl) 

73-DW02 4121195 Baker 6.74 7.1 -0.36 63 62 N/A 45.5 52.0-62.0 49 42.5 
73-DW03 4124195 Baker 8.28 8.8 -0.52 71 70 N/A 55 60.0-70.0 58 52 
73-DW04 4126195 Baker 4.68 3.2 1.48 61 60 N/A 46.6 50.0-60.0 48 45 
73-DW05 4/l l/95 Baker 7.32 5.8 1.52 54 53 N/A 34 43.0-53.0 41 32 
73-DW06 2126196 Baker 11.85 9.6 2.25 70 70 13 55 60.0-70.0 58 54? 
73-MW08 4119195 Baker 10.98 9 2 11.5 11.5 NIA N/A 2.0-l 1.5 1 0 
73-Mwo9 4l2Oi95 Baker 6.94 7.1 -0.2 12 11 N/A NIA 3.0-11.0 2 1 
73-MWlO 4/l 9195 Baker 6.54 6.8 -0.3 11 11 N/A NIA 2.0-I 1.0 1.5 0.5 
73-MW13 514195 Baker 8.43 8.8 -0.4 19 18 NIA N/A 3.0-18.0 2 1.5 
73-MW14 4/20/95 Baker 8.48 8.8 -0.32 19 18 NIA NIA 3.0-18.0 1.5 0.5 
73-MW15 4119195 Baker 5 3.3 1.7 11 10 N/A N/A 3.0-10.0 2.5 2 
73-IvIW25 4119195 Baker 11.09 8.4 2.7 9 9 NIA NIA 2.0-9.0 1 0 
73-MW27 4123195 Baker 9.52 9.9 -0.4 19 18 NIA NIA 3.0-18.0 2 1.5 
73-MW28 4119195 Baker 11.45 9.3 2.15 11 11 NIA N/A 2.0-I 1.0 1 0 
73MW29 4123195 Baker 8.76 9.2 -0.4 19 18 N/A N/A 3.0-18.0 2 1.5 
73-MW35 2123196 Baker 12.89 10.5 2.39 18 18 N/A N/A 3.0-18.0 2 1 
A47/3-8 1 O/2 1193 Catlin & Assoc. 6.87 7.5 -0.6 17 17 N/A NIA 2.0-17.0 1 0.5 
A47/3-11 1 O/2 1193 Catlin & Assoc. 8.1 6.5 1.6 17 17 N/A N/A 2.0-17.0 1 0.5 
A47l3-16 1 l/II93 Catlin & Assoc. 7.75 6.3 1.5 16 15.5 NIA NIA 2.5-15.5 2 1 

Notes: 

(1) msl = mean sea level 
(2) bgs = below ground surface 
(3) Negative values indicate that wells were installed in high traffic areas and the protective casing is flush with the ground surface 
(4) 8%” hollow-stem augers were used as temporary casing during the first phase of work at Site 73 



TABLE 2-4 

GROUNDWATER SAMPLE SUMMARY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MARINE CORP 3ASE, CAMP LEJEUNE, NC 

IydroPunch Locations 
IR73-IS01 
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IR73-IS06 

IR73-IS07 
IR73-IS07 

IR73-IS08 
IR73-IS08 

IR73-IS09 
IR73-IS09 
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TABLE 2-4 

GROUNDWATER SAMPLE SUMMARY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MARINE CORP BASE, CAMP LEJEUNE, NC 

IXED BASED 

[ydroPunch Locations 
IR73-IS12 
IR73-IS12 

IR73-IS13 
IR73-IS13 

IR73-IS 14 

IR73-IS15 
IR73-IS15 

IR73-IS16 
IR73-IS 16 

IR73-IS 17 
IR73-IS 17 
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TABLE 2-4 

GROUNDWATER SAMPLE SUMMARY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MARINE CORP BASE, CAMP LEJEUNE, NC 

EydroPunch Locations 
IR73-IS24 
IR73-IS24 

IR73-IS25 
IR73-IS25 

Upper Surtkial Wells 
IR73-A47/3-8 
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WELUBORING ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/kg) 

Acetone 

Carbon disulfide 

Methylene chloride 

Tetrachloroethene 

Toluene 

73-MW40DW 

IR73-MW40-33 

1 l/14/98 

29 B 

45 

6 JB 

6U 

6U 

TABLE J-l 

POSITIVE DETECTION SUMMARY 
SUBSURFACE SOIL 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

73-MW4lDW 

IR73-MW41-50 

1 l/13/98 

12 u 

6U 

6U 

6U 

6U 

IR73-SBOl IR73-SBO 1 

IR73-SBOl-02 IR73-SBOl-02D 

1 l/14/98 1 l/14/98 

12 u 24 

18 8 

22 B 6U 

6U 6U 

6U 6U 

NOTES: 
U = not detected below detection limit 

J = estimated result 

B = method blank contamination 

IS15 IS17 

IR73-IS15-02 IR73-IS17-03-99 

1 l/14/98 5117199 

12 u 55 u 

6U 5.5 u 

6U 5.5 u 

6U 32 

6U 7.2 

IS17 

IR73-IS17-07-99 

5117199 

67 J 

7u 

7u 

65 

7u 

w&g = micrograms per kilogram. 

4-1.~1s HITS l/2/02 Page 1 of I 



WELLJHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

IS01 

8 

SAMPLE ID 

SAMPLE DATE 

IR73-ISOl-03-98D 

1 l/10/98 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-l,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

5U 

10 u 

10 u 

SU 

5U 

5U 

NA 

5U 

5U 

5U 

5U 

5U 

NA 

5U 

5u 

5u 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LFJEUNE, NORTH CAROLINA 

IS01 IS02 IS02 

12 10 14 

IR73-ISOl-05-98D IR73-IS02-04-98D IR73-IS02-04D-98D 

1 l/10/98 11/11/9X 11/11/98 

5u 

10 u 

10 u 

5u 

5u 

5U 

NA 

5u 

5u 

5U 

5U 

5U 

NA 

5U 

5u 

5u 

5u 

10 u 

10 u 

5u 

5u 

5u 

NA 

25 

5u 

5u 

5u 

5U 

NA 

1 J 

5U 

1J 

5U 

10 u 

10 u 

5U 

5u 

5u 

NA 

25 

5u 

5u 

5u 

5u 

NA 

5U 

5u 

IJ 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugil = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

IS02 IS03 

18 10 

IR73-IS02-06-98D IR73-IS03-04-98D 

1 l/12/98 11/11/98 

NA 35 

10 u 10 u 

10 u 25 

5u 35 

5u 5U 

5U 5u 

8 NA 

5u 5U 

5u 5U 

5u 5U 

5u 5u 

5u 5u 

45 NA 

6 10 

5U 5u 

5U 1J 

4-2-4-3.~1s HITS 4-2 l/2/02 Page 1 of 14 



WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disultide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IS03 

14 

IR73-IS03-06-98D 

11/11/98 

45 

10 u 

10 u 

35 

su 

su 

NA 

5u 

5u 

su 

su 

su 

NA 

14 

5u 

su 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE ‘73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LFJEUNE, NORTH CAROLINA 

IS03 IS04 IS04 

18 6 10 

IR73-IS03-OS-98D IR73-IS04-04-98D IR73-IS04-06-98D 

1 l/l l/98 1 l/12/98 1 l/12/98 

47 

10 u 

10 u 

su 

5u 

su 

NA 

su 

su 

su 

su 

5u 

NA 

160 

5u 

5u 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

4-2-4-3.xls HITS 4-2 l/2/02 

NA 

10 u 

10 u 

16 

5u 

5u 

su 

su 

su 

su 

su 

su 

5u 

5u 

su 

su 

NA NA NA 

10 u 10 u 2u 

10 u 10 u 2u 

11 su 1u 

5u 5u 1u 

5u 5u IU 

32 130 1u 

su su 1U 

5u 5u 1u 

5u su 1u 

su su 1u 

su su IU 

45 7 1u 

8 48 1u 

6 19 1u 

5u su 3 

IS04 

14 

IR73-IS04-OS-98D 

1 l/12/98 

IS05 

10 

IR73-IS05-04-98D 

1 l/13/98 

Page 2 of 14 



TABLE 4-2 

WELUHYDROPUNCH ID IS05 IS05 IS06 IS06 IS07 IS07 

SAMPLE DEPTH (feet bgs) 10 14 10 14 10 16 

SAMPLE ID IR73-ISOS-04D-98D IR73-ISOS-06-98D IR73-IS06-04-98D IR73-IS06-06-98D IR73-IS07-04-98D IR73-IS07-06-98D 

SAMPLE DATE 1 l/13/98 1 l/13/98 1 l/12/98 1 l/12/98 1 l/12/98 1 l/12/98 

VOLATILES @g/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disultide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

NA NA 

2u 2u 

2u 2u 

1u 9 

1u 1u 

1u 1u 

1u 18 

1u 1U 

1u 1U 

1u 1U 

1U 1u 

1u 1u 

IU 19 

1U 6 

1U 1u 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

NA NA NA NA 

10 u 10 u 10 u 10 u 

10 u 10 u 10 u 10 u 

5U 5U 18 17 

5u 5u su su 

5U 5u 5u su 

35 72 5u su 

su 5u su 5u 

su SU su su 

su 5u su su 

5u su su 5U 

5u su 5u su 

5u 35 5u su 

120 150 5u su 

su su su su 

su su 5u su 

4-2-4-3.~1s HITS 4-2 l/2/02 Page3 of 14 



TABLE 4-2 

WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IS08 IS08 IS09 IS09 IS11 IS11 

6 10 8 12 6 10 
IR73-ISOS-02-98D IR73-ISOS-04-98D IR73-IS09-03-98D IR73-IS09-OS-98D IR73-IS1 l-02-98D IR73-ISll-04-98D 

11/11/98 11/11/98 1 l/12/98 1 l/12/98 1 l/l4198 Ill14198 

su 

10 u 

1 JB 

su 

su 

su 

NA 

5u 

su 

su 

su 

su 

NA 

su 

5u 

5u 

45 

10 u 

10 u 

5 

5u 

su 

NA 

su 

su 

su 

su 

su 

NA 

su 

20 

su 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

NA 

10 u 

10 u 

6 

su 

su 

6 

5u 

su 

su 

su 

su 

5u 

5u 

su 

su 

NA 

10 u 

10 u 

11 

5u 

5u 

13 

5U 

su 

su 

su 

5u 

su 

su 

19 

5u 

NA 

10 u 

75 

5u 

su 

5u 

su 

su 

15 B 

su 

su 

5u 

5u 

5u 

su 

5u 

NA 

10 u 

10 u 

su 

5u 

su 

5u 

5U 

16 B 

5u 

su 

su 

su 

su 

su 

5 II 
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WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IS12 

9 

IR73-IS 12-04-98D 

11111198 

5U 5u NA NA 

10 u 10 u 2u 2u 

10 u 10 u 2u 2u 

5U 5u 1u 1u 

5U 5u 1u 1u 

5u 5u 1u 1u 

NA NA IU 2 

5u 5u 1u IU 

5u 5u 1u IU 

5u 5U IU 1U 

5U 5u 1u 1u 

5u 5u 1u 1u 

NA NA 1u 1u 

5u 5u 1U 1u 

5u 5u 1U 2 

5u SU 1u 1u 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IS12 IS13 IS13 

13 6 10 

IR73-IS12-06-98D IR73-IS13-02-98D IR73-IS 13-04-981) 

11/11/98 1 l/13/98 1 l/13/98 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

4-2-4-3.~1s HITS 4-2 l/2/02 

IS14 IS15 

8 10 

IR73-IS14-03-98D IR73-IS15-04-98D 

1 l/13/98 1 l/13198 

NA 

2u 

2u 

5 

IU 

IU 

IU 

IU 

1u 

1u 

1u 

1u 

1u 

1u 

1U 

NA 

2u 

2u 

1u 

1u 

1u 

1u 

1u 

1u 

1u 

IU 

IU 

IU 

1U 

1u 

1u 
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WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IS16 

IR73-IS 16-03-99B 

5117199 

NA 

2.5 u 

5.9 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LFJEUNE, NORTH CAROLINA 

IS16 IS17 IS17 

10 7 12.5 

IR73-IS16-06-99B IR73-IS 17-04-99B IR73-IS17-07-99B 

5117199 5117199 5117199 

NA 

2.5 u 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.49 J 

0.5 u 

0.55 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

Notes: J = estimated result 

B = compound was detected in laboratory method blatlk 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

NA 

2.5 u 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.77 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IS18 

6 

IR73-IS 18-04-99B 

5117199 

NA 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.56 

0.5 u 

0.5 u 

IS18 

10 

IR73-IS 18-06-99B 

5117199 

NA 

2.5 U 

5u 

0.5 u 

0.44 J 

0.5 u 

0.5 u 

0.5 u 

0.45 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
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WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IS18 

10 

IR73-ISIS-06D-99B 

Y17199 

NA 

2.5 u 

5U 

0.5 u 

0.48 J 

0.5 u 

0.5 u 

0.76 

2.5 U 

0.38 J 

0.97 

0.61 

0.5 u 

0.54 

0.5 u 

2.2 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LFJEUNE, NORTH CAROLINA 

IS19 IS19 IS19 

6 10 14 

IR73-IS 19-04-99B IR73-IS19-06-99B IR73-IS19-OS-99B 

5117199 5117199 5117199 

NA 

2.5 U 

5.4 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

NA 

2.5 U 

5u 

0.5 u 

0.69 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.41 J 

0.5 u 

0.32 J 

0.94 

0.5 u 

NA 

2.5 U 

5u 

0.5 u 

0.88 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.48 J 

0.5 u 

0.5 u 

1.1 

IS20 

5 

IR73-IS20-03-99B 

5114199 

NA 

2.5 U 

5u 

2.6 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.42 J 

0.5 u 

IS20 

9 

IR73-IS20-05-99B 

5114199 

NA 

2.5 U 

5u 

0.42 J 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.52 

0.5 u 

0.5 u 

0.5 u 

0.9 

0.5 u 
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WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

IS2 1 

4 

IR73-IS21-02-99B 

5114199 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disultide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

NA 

2.5 U 

9.9 

0.5 u 

0.27 J 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IS21 IS21 IS22 IS23 

7 7 3 4 

IR73-IS21-04-99B IR73-IS21-04D-99B IR73-IS22-02-99B IR73-IS23-02-99B 

5114199 5114199 5114199 5113199 

NA 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 
U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

4-224-3.~1s HITS 4-2 I/2/02 

NA 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

2.5 U 

5u 

1.4 

0.73 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

17 

0.5 u 

NA 

2.5 U 

5u 

0.5 u 

1.6 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.19 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IS23 

6 

IR73-IS23-03-99B 

5113199 

NA 

2.5 U 

5u 

0.5 u 

1.7 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.36 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
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WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

tram+l,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IS23 

10 

IR73-IS23-04-99B 

5113199 

NA 

2.5 U 

5u 

0.46 J 

1.7 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IS24 IS24 IS25 

6 8 6 

IR73-IS24-03-99B IR73-IS24-04-99B IR73-IS25-03-99B 

5113199 5113199 5113199 

NA 

2.5 U 

5u 

0.5 u 

1.6 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.28 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

NA 

2.5 U 

5u 

0.5 u 

1.5 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

2.5 U 

5u 

0.5 u 

1.9 

0.26 J 

0.5 u 

0.29 J 

2.5 U 

0.5 u 

0.5 u 

0.34 J 

0.5 u 

0.24 J 

0.5 u 

0.91 

IS25 

8 

IR73-IS25-04-99B 

5113199 

NA 

2.5 U 

10 

0.5 u 

2.1 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.72 

0.5 u 

73-MW08 

IR73-GWOS-99B 

5116199 

NA 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
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WELLdHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disultide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-I ,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

73-MW09 

IR73-GW09-99B 

5116199 

NA 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

1.4 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

9.5 

0.5 u 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MW13 73-MW15 73-MW27 

IR73-GW 13-99B IR73-GW15-98D IR73-GW27-99B 

5116199 1 l/17198 5119199 

NA NA 

1.5 BJ 10 u 

5u 10 u 

6.8 5J 

0.5 u 5u 

0.5 u 5u 

36 5u 

0.5 u 5u 

2.5 U 5u 

0.5 u 5u 

0.5 u 5u 

0.96 5u 

0.5 u 5u 

0.5 u 5u 

18 5u 

0.5 u 5u 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

4-2-4-3.~1s HITS 4-2 112102 

NA 

2.5 U 

5u 

1.5 

0.5 u 

0.5 u 

15 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

38 

0.67 

0.5 u 

73-MW27 

IR73-GW27D-99B 

5119199 

NA 

2.5 U 

5u 

1.7 

0.5 u 

0.21 J 

14 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.27 J 

0.5 u 

36 

0.64 

0.5 u 

A47/3-8 

;-GWA47/3-GWS-99B 

5116199 

NA 

2.5 U 

5u 

20 

0.5 u 

0.5 u 

8.3 

0.52 

0.27 J 

0.5 u 

0.5 u 

2.1 

0.22 J 

0.5 u 

38 

1.3 
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TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LFJEUNE, NORTII CAROLINA 

WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

A47/3-11 A47/3-15 

SAMPLE ID 73-A47/3-GWl l-98D IR73-A47/3-GW15-98D 

SAMPLE DATE 1 l/16/98 11/17/98 

VOLATILES @g/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-l,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

tram-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

5u NA 5U 

10 u 10 u 10 u 

10 u 10 u 10 u 

7 5u 5U 

SU 5u 5U 

5U 5U 5u 

NA 5U NA 

5u 5U SU 

5U 5U 5U 

5u 5u 5U 

5u 5U 5U 

5U 5U 5u 

NA 5U NA 

5u 5u 5u 

2J 5U SU 

5U 5U 5U 

Notes: J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

A47/3-19 

IR73-A47/3-GWl9-98D 

1 l/16/98 
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TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

WELL’HYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

Minimum Maximum 

Non-Detect Non-Detect 

Minimum 

Detected 

VOLATILES @g/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disultide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

tram+1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

su 

2u 

2u 

0.5 u 
0.5 u 
0.5 u 

0.5 u 

0.5 u 
1u 

0.5 u 

0.5 u 
0.5 u 

0.5 u 

0.5 u 
0.5 u 

0.5 u 

su . 
10 u 

10 u 

su 

su 

su 

su 

su 

16 B 

5U 

su 

su 

su 

su 

su 

su 

35 

1.5 BJ 

1 JB 

0.46 J 

0.27 J 

0.21 J 

1.4 

0.29 J 

0.27 J 

0.38 J 

0.52 

0.19 J 

0.22 J 

0.24 J 

0.42 J 

0.91 

Notes: 
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TABLE 4-2 

WELWHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disultide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

Maximum 

Detected 

47 

1.5 BJ 

10 

20 

2.1 

0.26 J 

130 

25 

16 B 

0.38 J 

2.1 

19 

160 

38 

3 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEIIICLE MAINTENANCE FACILITY 

&O-O312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

i 
Location of 

Maximum Detect 

IR73-IS03-OS-98D 4113 14.5 4 61923 

IR73-GW 13-PPB l/66 1.5 1.5 2.7614 

IR73-IS25-04-PPB 7166 5.8857 5.9 3.6091 

IR73-GWA4713-GWS-PPB 22166 7.1782 5.5 3.1238 

IR73-IS25-04-PPB 15166 1.1807 1.5 1.4085 

IR73-IS25-03-PPB 2166 0.235 0.235 1.1965 

IR73-IS04-OS-98D 14/53 27.9071 14.5 7.8764 

IR73-IS02-04-98D,IR73-IS02-04D-98D 5166 1.114 0.76 1.1942 

IR73-IS1 l-04-98D 5166 6.442 0.49 2.0373 

IR73-ISlS-06D-PPB l/66 0.38 0.38 1.1989 

IR73-IS14-03-98D 7166 0.8271 0.97 1.2544 

IR73-GWA47/3-GWS-PPB 11166 0.6364 0.41 1.2614 

IR73-ISOS-06-98D 6153 6.2033 4 1.3768 

IR73-IS03-08-PSD 16166 37.4163 9 9.8964 

IR73-GWA4713-GWS-99B 17166 9.1641 2 3.3188 

IR73-IS05-04-98D,IR73-IS05-04D-98D,IR73-IS05-06-98D 10166 1.751 1.2 1.3108 

Frequency Arithmatic Mean 

of Detection Positive Detects 

Median Arithmatic Mean 

Positive Detects Half Non-Detects 

Notes: 
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WELUHYDROPUNCH ID 

SAMPLE DEPTH (feet bgs) 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1,2-Dichloroethene, total 

2-Hexanone 

Acetone 

Benzene 

Carbon disulfide 

Chlorobenzene 

cis-1,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

TABLE 4-2 

POSITIVE DETECTIONS IN 
UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

CTO-0312 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Standard 

Deviation 

Upper 95% 

Confidence Ievel 

Log Arithmatic Mean 

Half Non-Detects 

12.2739 12.2595 1.2283 0.8071 8.8303 

1.8787 3.1473 0.7694 0.708 3.3314 

1.9147 4.0024 1.136 0.5727 4.2081 

4.5373 4.0557 0.1984 1.4365 5.3783 

1.0164 1.6173 -0.0591 0.9986 4.8514 

1.0954 1.4215 -0.3729 1.1008 1.7222 

21.2479 12.7642 0.0582 1.8672 15.1232 

1.0714 1.4143 -0.3474 1.075 1.7053 

2.5143 2.5537 0.4119 0.7069 2.3276 

1.0934 1.4235 -0.3645 1.0939 1.7203 

1.0604 1.4722 -0.258 1.0523 1.8087 

1.0694 1.481 -0.2574 1.0557 1.818 

2.8302 2.0278 -0.5797 1.1836 1.7233 

30.792 16.2209 0.1379 1.7915 11.4671 

6.4818 4.6501 0.1266 1.3981 4.6836 

1.0949 1.5357 -0.23 11 1.0862 1.945 1 

Log Standard Log Upper 95% 

Deviation Confidence Level 

Notes: 
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WELLiHYDROPUNCH ID 
SAMPLE DEPTH (feet b& 
SAMPLE ID 
SAMPLE DATE 

VOLATILES @g/L) 
I ,2-Dichloroethene, total 
2-Hemnone 
Acetone 
Benzene 
Carbon disultide 
Chlorobemne 
cis-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styme 
Tetmchloroethene 
TOhME 
tmn.+l,2-Dichloroetbene 
Trichloroetbene 
Vinyl chlortde 
Xylenes, total 

(WI 1 

70 
NE 
700 

NE+ 

50 

70 
29 
5 

IO0 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 
1nterbn 

Standards 

0x41) 

NJ? 
280 
NE 
NE 
700 
NE 
NJ! 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

TABLE 4-3 

SUMMARY OF WPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

70 
NE 
NE 
5.0 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 

2 
IO.900 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

udl = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards, 

IS01 IS01 
8 I2 

lR73-ISOI-03-98D lR73-IS01 -OS-98D 
11 I1 0198 I I /I O/98 

5u 5u 
IO u IO u 
IO u IO u 
5U 5u 
5u 5U 
5u 5u 

NA NA 
5U 5u 
su 5U 
5U SW 
5U 5U 
SW SU 

NA NA 
5U 5u 
5u 5U 
5u su 

IS02 IS02 IS02 
IO 14 I8 

IR73-IS02-04-98D lR73-IS02-04D-98D lR73-IS02-06-98D 
ll/ll/98 II/II/98 11 /I 2198 

5U 
IO u 
IO u 
5u 
5u 
5U 

NA 
2J 
su 
SU 
5u 
5U 

NA 
I J 
5u 
I J 

SW NA 
10 u IO u 
10 u IO u 
5U 5U 
5U 5u 
5u 5U 

NA 8 
21 5u 
5u 5U 
su 5U 
5u 5U 
5u 5U 

NA 
su 
5U 5u 
I J 5u 

4-2-4-3~1s COMPARISON4-3 I/2/02 Page I of I5 



WELL/HYDROPUNCH ID 
SAMPLE DEPTH (feet bps) 
SAMF’LE ID 
SAMPLE DATE 

VOLATILES @g/L) 
I ,2-Dichloroetbene, total 
2-Hexanone 
Acetone 
BetlZXle 
Carbon disulfide 
Chlorobenzene 
&-I ,2-Dichloroethene 
Ethylbenzene 
Methylme chloride 
styrem 
Tetmchloroetbene 
T0lltetle 
tram-l ,2-Dichloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

70 
NE 
700 

NE 

50 

70 
29 
5 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 
Interim 

Standards 

WI ) 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NFL 

TABLE 4-3 

SUMMARY OF UPPER SURFICLAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

70 
NE 
NE 
5.0 
NE 
100 
70 
700 
NE 

100.0 
5.0 

1000 
100 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

IS03 IS03 IS03 IS04 IS04 
IO I4 I8 6 IO 

IR73-IS03-04-98D IR73-IS03-06-98D IR73-IS03-08-98D IR73-IS04-04-98D IR73.IS04-06s98D 
11/11/98 II/II/98 II/II/98 I l/12/98 11/12/98 

3J 4J 47 NA 
10 u 10 u IO u IO u 
2J 

J 
5U 
5U 5U 5U 

NA NA NA 
5u 5u 5u 
5U 5U su 
5U 5u 5u 
5U 5U su 
5U 5u 5U 

NA NA NA 

5u 
I J 5u 5u 5u 

5u 
32 

5u 
5U 
5u 
5u 
5U 
41 

4-2-4-3~1s COMPARISON4-3 l/2/02 Page2oflS 



WRLLHYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATLLES (I@) 
I ,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Ben.?XXle 
Carbon disultide 
Chlorobenzene 
&-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styrene 
Teuachloroethene 
Toluene 
trans-I ,2-Dichloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

(ug/l) 

70 
NE 
700 

NE 
50 
70 
29 
5 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 

N-E 
280 
NJ2 
NE 
700 
NJ3 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE. NC 

&&y&l 

MCL 
Wl 1 

70 
NJ2 
NE 
5.0 
NE 
100 
70 
700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugA = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

underline indicates compound concentration exceeds Federal MCL Standards. 

IS04 IS05 
14 10 

lR73-IS04-08-98D lR73-ISOS-04-98D 
11/12/98 11 I1 3198 

NA 
10 U 
IO u 
5u 
5u 
5u 

5u 
su 
5u 
5u 

NA 
2u 
2u 
1u 
IU 
IU 
IU 
1u 
IU 
1u 
1u 
1u 
1U 
IU 
IU 

IS05 IS05 IS06 
10 I4 IO 

IR73-IS05-04D-98D IR73-ISOS-06-98D IR73-IS06-04-98D 
1 l/l 3198 11 /13/98 11 /12/9X 

NA NA 
2u 2u 
2u 2u 
IU 
1U IU 
1u IU 
IU I8 
IU IU 
1u 1u 
III IU 
1u IU 
1U IU 

NA 
10 u 
10 u 
5u 
5u 
5u 

35 
5u 
5u 
5u 
5u 
5u 

3 3 

4-2-4-3~1s COMPARISON4-3 l/2/02 Page3ofl5 



WELL/HYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATUES (I@) 
1,2-Dichloroethene, total 
2-Hexanone 

BeXUeoe 
Carbon disultide 
Chlorobenzene 
&-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styrene 
Tetrachloroethene 
Toluene 
trans-1,2-Dichloroethene 
Tnchloroethene 
Vinyl chloride 
Xylenes, total 

70 
NE 
700 

NE 
50 
70 
29 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 
Interim 

Standards 

WI ) 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

TABLE 4-3 

SUMMARY OF UPPER SURFKX4I. GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAh@ LEJEUNE, NC 

70 
NE 
NE 
5.0 
NE 
100 
70 

700 
NJ2 

100.0 
5.0 

1000 
loo 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

IS06 IS07 IS07 IS08 IS08 
I4 10 I6 6 10 

lR73-IS06-06-98D IR73-IS07-04-98D lR73-IS07-06-98D IR73-IS08-02-98D IR73-IS08-04-98D 
11 II 2198 11 I1 2198 1 l/l 2198 ll/ll/98 1 l/l l/98 

NA 
10 u 
10 u 
5u 
5u 

3J 

NA 
10 u 
IO u 

NA 
10 u 

5u 
5u 
5u 
5u 
5u 
5u 
su 
5u 
5u 
5u 
5u 

5u 
10 u 

IJB 
5u 
5u 
5u 

NA 
5u 
5u 
5u 
5u 
5u 

NA 
5u 
5U 
5u 

4J 
IO u 

5u 
NA 

5u 
5u 
SW 
su 
5u 

NA 
5u 

4-2-4-3.x18 COMPARISON4-3 l/2/02 Page4ofl5 



WELLHYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES (II&) 
1 ,Z-Dichloroetbene, total 
2-Hexanone 
Acetone 
Benzene 
Carbon disultide 
Chlorobemene 
cis-1,2-Dichloroethene 
Etbylbenme 
Methylene chloride 
styme 
Tetrachloroethene 
T0lttetX 
tram-l ,i?-Dichloroethene 
Trichloroetbene 
Vinyl chloride 
Xylenes, total 

70 
NE 
700 

NE 
50 
70 
29 
5 

100 
0.7 

1,oGil 
70 
2.8 

0.015 
530 

NCWQ 

Standards 

WI 1 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NJ3 
NE 
NE 
NE 

TABLE 43 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATJLE ORGANIC COMPOUNDS 

SITE 73, AMPHBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCR, CAMP LEZEUNE, NC 

MCL 
Wl 1 

70 
NE 
NE 
5.0 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugil = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

IS09 IS09 IS1 1 IS11 IS12 
8 12 6 10 9 

lR73-IS09-03-98D lR73-IS09-OS-98D lR73-IS1 l-02-98D lR73-ISl l -04-98D lR73-IS12-04-98D 
11 I1 2198 1 l/l 2198 1 I /I 4198 11 04198 11/11198 

NA NA NA NA 
10 u 10 u 10 u 10 U 
10 u 10 U 7J 10 u 

SU 5u 
5u 5U 5u 5u 
5U su 5U 5u 
6 13 5u 5U 
5u 5u 5U 5U 

5u 
5u 

5u 
5u 

su 
10 U 
10 u 

5u 
5u 
5u 

NA 
5u 
5u 
5u 
5u 
5u 

NA 
5u 
5u 
5u 

4-2-4-3~1s COMPARISON4-3 l/2/02 Page5oflS 



WELL/HYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE El 
SAMPLE DATE 

VOLATILES (u@) 
1,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Be”Z”e 
Carbon disulflde 
Chlorobenzene 
&-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styrene 
Tetrachloroethene 
T0hlene 
trans-1,2-Dichloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

70 
NE 
700 

NE 

SO 

70 
29 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 

Standards 

(4 1 

NE 70 SU 
280 NE 10 u 
NE NE 10 u 
NE 5.0 su 
700 NE 5U 
NE 100 5u 
NE 70 NA 
NE 700 5u 
NE NE 5u 
NE 100.0 su 
NE so su 
NE 1000 5u 
NE 100 NA 
NE 5 5u 
NE 2 5u 
NE 10,000 SU 

TABLE 4-3 

SUMMARY OF UPPER SIJRFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = “on detect 

ugll = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

IS1 2 IS1 3 IS1 3 IS1 4 IS15 
13 6 10 8 10 

IR73-IS12-06-98D lR73-ISl3-02-98D lR73-IS13-04-98D IR73-ISl4-03-98D lR73-IS1 S-04.98D 
11111/98 11 I1 3198 11 /13/98 11/1319X 11113198 

NA NA NA 
2u 2u 2u 
2u 
1u 
1U 
1u IU 1U 
1U 2 1u 
1U 1u 1u 
1U 1U 1U 
1U 1U 1u 
1u 1U 
1u IU U 
1u 1U 1u 
1u U 1u 
1u 1u 
1U 1u 1U 

NA 
2u 
2u 
1u 
1u 
III 
1u 
1U 
IU 
1u 
1U 
1u 
1u 
1u 
1u 
1u 

4-2-4.3.~1~ COMPARISON4-3 112102 Page6oflS 



WELLJHYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES @g/L) 
1,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Benzene 
Carbon disulflde 
Chlorobenzene 
cis-1,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
Styrene 
Tenachloroethene 
Toluene 
tram-1 ,ZDichloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes, to&d 

Wl) 

70 
NE 
700 

t 
NE 
50 
70 
29 
5 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 
Interim 

Standards 

(Ml ) 

NE 
280 
N-I.3 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, .4MF’HlBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB. CAMP LEJEUNE. NC 

&&y&l 
MCL 

(Ml ) 

70 
NE 
NE 
5.0 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

IS1 6 
4 

lR73-IS16-03-99B 
5/l 7199 

NA 
2.5 U 
5.9 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 

IS1 6 IS17 IS1 7 
10 7 12.5 

ll773-ISl6-06-99B lR73-ISl7-04-99B lR73-ISl7-07-99B 
5/l 7i99 5/l 7199 5/l 7199 

NA NA 
2.5 u 2.5 u 

5u su 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 

0.49 J 2.5 u 
0.5 u 0.5 u 

0.55 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 

NA 
2.5 U 

5u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 

IS1 8 
6 

W73-IS1804-99B 
5117199 

NA 
2.5 U 

5u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 
0.5 u 
0.5 u 

0.56 
0.5 u 
0.5 u 

4-2 4-3~13 COMPARlSON4-3 l/2/02 Page7 of15 



WELL/‘HMROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES (US/L) 
I ,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Benzene 
Carbon disulfide 
Chlorobenzene 
cis-1,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styrene 
Tetrachloroetbene 
TOlUt3l~ 
trans-1,2-Dichloroethene 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

70 
NE 
700 

NE 

so 

70 
29 

100 
0.7 

1,000 
70 
2.8 

0.01 s 
530 

NCWQ 

Standards 

(4 ) 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMI’OUNDS 

SITE 73, AMl’HlBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

IS1 8 IS18 
IO 10 

IR73-X18-06.99B lR73-IS18-06D-99B 
u 5/l 7199 5/I 7199 
&g& 

(4 ) 

70 
NJ3 
NE 
5.0 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 

2 
10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug0 = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

NA NA 
2.5 u 2.5 U 

5U 5u 
0.5 u 0.5 u 

0.44 J 0.48 J 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.76 

0.45 J 2.5 U 
0.5 u 0.38 J 
0.5 u 
0.5 u 0.61 
0.5 u 0.5 u 
0.5 u 0.54 
0.5 u 0.5 u 
0.5 u 2.2 

IS19 IS19 
6 IO 

lR73-IS19-04-99B IR73-ISl9-Ob-99B 
S/l 7199 5/l 7199 

IS19 
14 

LR73-ISl9.OS-99B 
5/l 7f99 

NA NA NA 
2.5 U 2.5 U 2.5 u 
5.4 5U 5u 
0.5 u 0.5 u 0.5 u 
0.5 u 0.69 0.88 
0.5 u 0.5 u 0.5 u 
0.5 u 0.5 u 0.5 u 
0.5 u 0.5 u 0.5 u 
2.5 U 2.5 u 2.5 u 
0.5 u 0.5 u 0.5 u 
0.5 u 0.5 u 0.5 u 
OS u 0.41 1 0.48 J 
0.5 u 0.5 u 0.5 u 
0.5 u 0.32 J 0.5 u 
0.5 u 
0.5 u 0.5 u 1.1 

4-2-4-3~1s COMPARISON4-3 l/2/02 Pagc8ofl5 



TABLE 4-3 

SUMMARY OF UPPER SURFICJAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHJBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMF’ LF.JEUNE, NC 

WELL&IYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES fu&) 
I ,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Benzene 
Carbon disulfide 
Chlorobenzene 
cs-1,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styrem 
T~tIddO~O&HE 

TOlUNl~ 
tram-1,2-Dichloroethhene 
Trichloroethene 
Vinyl chloride 
Xylenes, total 

70 NE 
iiF, 280 
700 NE 

1 NE 
NE 700 
50 NE 
70 NE 
29 NE 
5 NE 

100 NE 
0.7 NE 

1,000 NE 
70 NE 
2.8 NE 

0.015 NE. 
530 NE 

NCWQ 

Standards 

04 1 

IS20 
5 

IR73-IS20-03-99B 
Federal s/14/99 
MCL 

(Wl) 

IS20 IS21 IS21 IS21 
9 4 7 7 

IR73-IS20-05-99B IR73-IS21-02-99B IR73.IS21-04-99B lR73-IS21-04D-99B 
5/l 4199 5/l 4199 5/l 4199 5114199 

70 NA NA 
NE 2.5 U 2.5 U 
NE 5u 5u 
5.0 
NE 0.5 u 0.42 J 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
2.5 U 2.5 U 
0.5 u 0.5 u 
0.5 u 0.52 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 

NA 
2.5 U 
9.9 
0.5 u 

0.27 J 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 

NA NA 
2.5 U 2.5 U 

5u 5u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 05u 
0.5 u 0.5 u 
0.5 u 0.5 u 
2.5 U 2.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 

4-2-4-3.~1~ COMPARISON4-3 l/2/02 Page9oflS 



WELLiHYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES (II&) 
1,2-Dichloroethene, total 
2-Hexanone 
ACetOne 

BelXXIle 
Carbon disulfide 
Chlorobenzene 
&-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
SQTeIle 
Tetrachloroethene 
Toluene 
trsns-l,2-Dichloroethene 
Trichloroethene 
!&nyI chloride 
Xylenes, total 

70 
NE 
700 

NE 

50 

70 
29 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 
Illk?ih 

Standards 

644 ) 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAJNTENANCE FACJLITY 
NATURAL ATTENUATION EVALUATION. CTO-0130 

MCB, CAMP LJ!JEUNJ$ NC 

w 
u 
(us/J ) 

70 
NE 
NE 
5.0 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underiine indicates compound concentration exceeds Federai lvlci Standards. 

IS22 IS23 IS23 IS23 
3 4 6 10 

IR73-IS22-02-99B lR73-IS23-02-99B IR73-IS23-03s99B JR73-IS23-04-99B 
5/l 4199 5/l 3199 5/l 3199 5/l 3199 

NA 
2.5 U 

0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 

NA 
2.5 u 

5u 
0.5 u 
1.6 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
05 u 

0.19 J 
0.5 u 
0.5 u 
05 u 
0.5 u 

NA NA 
25 U 2.5 u 

5u 5u 
0.5 u 0.46 J 
1.7 1.7 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
2.5 U 2.5 U 
0.5 u 0.5 u 
0.5 u 

0.36 J 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 
0.5 u 0.5 u 

IS24 
6 

IR73-IS24-03-99B 
5/l 3199 

NA 
2.5 u 

5U 
0.5 u 
1.6 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 

0.28 J 
0.5 u 
0.5 u 
05 u 
0.5 u 
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WELLMYDROPUNCH ID 
SAMPLE DEPTH (feet b& 
SAMPLE ID 
SAMPLE DATE 

VOLATLLES (u&L) 
I ,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Betl%.fle 
Carbon disulfide 
Cblorobenzene 
&-I ,2-Dichloroetbene 
Etbylbenme 
Methylene chloride 
styme 
Tstrachloroethene 
T0lWXle 
tram-l,2-Dichloroethene 
Trichloroethene 
Vinyl chloride 
Xylems, total 

70 
NE 
700 

NE 
50 
70 
29 
5 

loo 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 

Standards 

Wl) 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NJ2 
NE 
NE 
NE 

TABLE 43 

SUMMARY OF UPPER SURFICL4L GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

70 
NE 

NE 

5.0 
NE 

100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugfl = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

IS24 IS25 IS25 
8 6 8 

LR73-IS24.04-99B lR73-IS25-03-99B IR73-IS25-04-99B 
5113199 5/l 3199 5/I 3199 

NA 
2.5 u 

5u 
0.5 u 
1.5 
0.5 u 
0.5 u 
0.5 u 
2.5 U 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 
0.5 u 

NA NA NA NA 
2.5 u 25 u 2.5 U 2.5 U 

5u IO 5u 5u 
0.5 u 0.5 u 0.5 u 0.5 u 
1.9 2.1 0.5 u 0.5 u 

0.26 J 0.5 u 0.5 u 0.5 u 
0.5 u 0.5 u 0.5 u 1.4 

0.29 J 0.5 u 0.5 u 0.5 u 
2.5 U 2.5 U 2.5 U 2.5 U 
0.5 u 0.5 u 0.5 v 05 u 
0.5 u 0.5 u 0.5 u 0.5 u 

0.34 J 0.5 u 0.5 u 0.5 u 
0.5 u 0.5 u 0.5 u 0.5 u 

0.24 J 0.5 u 
0.5 u 

0.91 0.5 u 

73-MwO8 73Mwo9 

lR73-GW08-99B IR73-GW09-99B 
5/l 6199 5/l 6199 
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TABLE 4-3 

SUMMARY OF UPPER SURFICIAL. GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, A?vlI’HIRIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

WELLiHYDROPUNCH ID 
SAMF’LE DEPTB (feet bg) 
SAMPLE ID 
SAMPLE DATE 

A47/3-8 73-MW13 73&w 5 73-MW27 73MW27 

NCWQ 
Interim 

Standards 

Wl ) 

JR73-GW13-99B 
5/l 6/99 

JR73-GW15-98D 
11/17/98 

IR73-GW27-99B 
5/l 9199 

lR73-GW27D-99B 
5/l 9/99 

IR73-GWA4713-GWS-99B 
5/l 6/99 w 

ML& 
(4 ) 

70 
NE 
NE 
50 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

VOLATILES (q/L) 
1,2-Dichloroethene, total 
2-Hexanone 
Acetone 
BenZ.Xle 
Carbon disultide 
Chlorobenzene 
cis-1,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
StplX 
Tetrachloroethene 
T0hiene 
tram-1,2-Dahloroethene 
Trichloroetbene 
Vinyl chloride 
Xylenes, total 

70 NE 
NE 280 
700 NE 

1 NE 
NE 700 
50 NE 
70 NE 
29 NE 
5 NE 

100 NE 
0.7 NE 

1,000 NE 
70 NE 
2.8 NE 

0.015 NE 
530 NE 

NA NA 
1.5 BJ 10 u 

5u In TI 

NA NA 
25U 25 U 

5u 5u 

U 
0.5 u 
36 

0.5 u 
2.5 U 
0.5 u 
0.5 u 

0.96 
0.5 u 
0.5 u 

0.21 J 
14 

0.5 u 
2.5 U 
0.5 u 
0.5 u 

0.27 J 
0.5 u 

0.5 u 
8.3 

0.52 
0.27 J 
0.5 u 
0.5 u 
2.1 

0.22 J 
0.5 u 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

IJ = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 
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TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

WELL/HYDROPUNCH ID 
SAMPLE DEPTH (feet bps) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES @g/L) 
1,2-Dichloroethene, total 
2-Hexanone 
Acetone 
BelIteIX 
Carbon disultide 
Chlorobenzene 
cis-1,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styme 
Tetxxhloroethene 
T0lllene 
tram-1,2-Dichloroethene 
Trichloroethene 
Vinyl chloride 
Xylems, total 

70 
NE 
700 

NE 

50 

70 
29 
5 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 
Interim 

Standards 

WI ) 

NE 70 
280 NE 
NE NE 
NE 50 
700 NE 
NE 100 
NE 70 
NE 700 
NE m 
NE 100.0 
NE 5.0 
NE 1000 
NE 100 
NE 5 
NE 2 
NE 10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugA = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 
. . .-_ _ 

&deriine indicates CompOUnd concentration exceeds Federal MCL YtandSt’dS. 

A47/3-11 A4’ll3-15 A47/3-19 

JR73-A47/3-GW1 l-98D lU73-A47/3-GW15-98D JR73-A47/3-GW19-98D 
I I II 6198 11 I1 7198 11116198 

su 
NA 

SU 
5U 
5U 
5u 
5U 

NA 
5U 

NA 5U 
10 u IO u 
10 u IO u 
5U SU 
SU 5U 
su 5U 
SU NA 
5U 5U 
5u 5U 
5U 5U 
5U 5u 
.5U 5U 
5u NA 
5U SU 
5u 5u 
su 5U 
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TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AhfPHlBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAM2 LEJEUNE, NC 

W!ZLL/HYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES (q/L) 
1,2-Dichloroethene, total 
2-Hexanone 
Acetone 
BenZ.ane 
Carbon disulfide 
Chlorobenzene 
cis-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styme 
Tetrachloroethene 
T0hEne 
tram-1 ,I-Dichloroethene 
Trichloroethene 
Viiyl chloride 
Xylenes, total 

NCWQ 
Interim 

Standards 

(@ 1 

70 NE 70 
NE 280 NE 
700 NE NE 

I NE 5.0 
NE 700 NE 
50 NE 100 
70 NE 70 
29 NE 700 
5 NE NE 

100 NE 100.0 
0.7 NE 5.0 

1,000 NE 1000 
70 NE 100 
2.8 NE 5 

0.015 NE 2 
530 NE 10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

iinderiine indicates compound concentration exceeds Federai ivizi Standards. 

Number 
Exceeding 

NCWQ 
Interim 

Standards 

o/13 
NEi 
O/66 

20166 
NE 
O/66 
2153 
0166 
2166 
O/66 
5166 
O/66 
0153 
11166 
17166 
0166 

__ 
1.4-20 

-- 
__ 

12-130 

lSB-16B 
__ 

0.77-l 
-. 
__ 

6-l 60 
0.42J-38 

NE 
O/66 
NE 
NE 
Of66 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

Range 
Exceeding w 

NCWQ Exceeding 
Interim &&f&l 

Standards &z&e& 

__ O/l3 

__ __ 
__ III66 
__ _- 
__ O/66 
__ NE 
__ O/66 
__ NE 
-_ 0166 
__ 0166 
-- 0166 
__ NE 
__ 11166 
__ 8166 
__ 0166 

__ 
6-20 

__ 
6-160 
9.5-38 
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WELL/fIYDROPUNCH ID 
SAMPLE DEPTH (feet bgs) 
SAMPLE ID 
SAMPLE DATE 

VOLATILES (I@) 
1,2-Dichloroethene, total 
2-Hexanone 
Acetone 
Benzene 
Carbon disultide 
Chlorobenzene 
cis-I ,2-Dichloroethene 
Ethylbenzene 
Methylene chloride 
styme 
Tetrachloroetbene 
Toluene 
tram-1 ,ZDichloroetbene 
Trichloroethene 
Viiyl chloride 
Xylenes, total 

TABLE 4-3 

SUMMARY OF UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB. CAMP LEJEUNE. NC 

70 
NE 
700 

NE 
SO 
70 
29 

100 
0.7 

1,000 
70 
2.8 

0.015 
530 

NCWQ 

Interim 

NE 
280 
NE 
NE 
700 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 
NE 

&,&g&l 

MCL 
WI ) 

70 
NE 
NE 
5.0 
NE 
100 
70 

700 
NE 

100.0 
5.0 

1000 
100 
5 
2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Uiiderli:itie ilidicaies compound concentration exceeds Federai ivizi Standards. 

Location 
Maximum 

Detect 

IR73-IS03-08-98D 
lR73-GWl3-99B 

IR73-IS25-04-99B 
lR73-GWA41/3-GW8-99B 

lR73-IS25-04-99B 
lR73-IS25-03-99B 
lR73.IS04-08-98D 

lR73-1S02-04-98D,IR73-1S02-04D-98D 
lR73-ISll-04-98D 

lR73-ISlX-06D-99B 
IR73-ISl4-03-98D 

lR73-GWA4713-GW%99B 
lR73-IS05-0698D 
lR73-IS03-0%98D 

lR73-GWA4lM-GW8-99B 
IR73-1S05-04-98D,IR73-1S05-04D-98D,IR73-1S05-06-98D 
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WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILE?3 @g/L) 

1.1.Dichloroethene 

1.2.DichIoroethane 

1,2-Dichloroethene, total 

Benzene 

Chhobenzene 

ChlorofoIm 

cis- I ,2-Dichloroethene 

Ethylbenzene 

Methylene chloride 

ThhlCll~thle 

T0hene 

tram-1,2-Dichloroethene 

TriChlOK&~ll~ 

Vinyl chloride 

Xylenes, total 

Notes 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugl = micrograms per liter 

only detected compounds are included in this table. 

Complete analyticai results ax included in Appendix E. 

TABLE 4-4 

POSITIVE DETECTIONS IN 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTBNANCE FACILITY 
NATURAL ATTENUATION EVALUATION. CTO-0130 

MCB, CAMP LEJEUNE. NC 

73.DW03 73.DW04 

IR73-GW03DW-98D IR73-GW04DW.98D 

11117198 11117198 

21 

5u 

NA 

3J 

5u 

5u 

130 

5u 

5U 

5u 

5u 

51 

250 D 

5u 

5u 5u 5u 5u 

5U 5u 5u 5u 

NA 5u NA NA 

5u 5u JU 6 

5u 5u 5u 5u 

5u 5u 5u 11 

31 NA 5u 40 

5u 5u 5u 5u 

5u 98 5u 5u 

5u 5u 5u 5u 

5u 5u 5u 5u 

5u NA 5u 5u 

5u 5U 5u 34 

5u 5u JU 4J 

5u 5u 5u 5u 

73.DW05 

IR73.GW05DW-98D 

11119198 

73.MW38DW 

lR73-GW38DW.98D 

11117/98 

73-MW39DW 

IR73.GW39DW-98D 

11/17/98 
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WELL ID 73-MW40DW 73.MW40DW 73.MW41DW 73-MW42DW 73-MW42DW 73-DW02 73-DW03 

SAMPLE ID lR73-GW40DW-98D IR73-DGW40DW-98D IR73-GW4lDW-98D IR73.GW42DW-98D lR73-GW42DWD98D lR73-GW02DW.99B IR73.GW03DW-99B 

SAMPLE DATE II/16198 1 l/16/98 11116198 I l/19/98 1 l/19/98 5116199 5/19/99 

VOLATILES (u#L) 

I, I -DicbloroetJlene 

1,2-Dichhethane 

1,2-Dichloroethene, total 

BetlZfh? 

Chlotobenzene 

Chlorofoml 

cis-1,2-Dicbloroetbene 

Ethylbenzene 

Methylene chloride 

T#J~CtdOIO~tb~~~ 

Toluene 

tram-1,2-Dichl0r0etbhene 

TriCt!lOKWtlWl~ 

Viiyl chloride 

Xylem, total 

SU JU 5u 5u 

5U 5U 5u 5u 

51 51 SU 5u 

5U 5u SU 5U 

5u 5u 5U 5u 

5U 5u 5u 5U 

NA NA NA NA 

5U 5u 5U 5u 

5u 5U 5U 9B 

5U 5u 5u 1J 

5U 5u 5u 5u 

NA NA NA NA 

5u 5u SU 5u 

5u 5u 5u 5u 

5U 5u 5u 5u 

5u 0.5 u 

5U 0.5 u 

5u NA 

5u 0.5 u 

5U 0.34 BJ 

5u 0.5 u 

NA 0.5 u 

5u 0.5 u 

9B 2.5 u 

21 0.5 u 

5u 041 

NA 05u 

5u 0.83 

5u osu 

5U osu 

0.5 u 

0.5 u 

NA 

2.8 D 

0.63 BID 

0.5 u 

120 D 

0.5 u 

1.4 JD 

0.5 u 

0.77 ID 

220 D 

7.8 D 

0.5 u 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugA = micrograms per liter 

Only detected compounds ate included in this table 

Complete anaJytical results are included in Appendix E. 

TABLE 4-4 

POSITIVE DETECTIONS M 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION. CTO-0130 

MCR. CAMP LEJEUNE. NC 
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WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @e/L) 

I ,I-Dichloroethene 

I ,2-Dichloroethane 

1,2-Dicbloroetbene, total 

Bet!ZlX 

Chlorobenzene 

Chloroform 

cls-l,2-Dichlotoethene 

Ethylbenzene 

Metbylene chloride 

TdlWhIOCOdl~ll~ 

T0lltette 

trans.l,2-Dichloroethhene 

TliChhOdh.%~ 

Vinyl chloride 

Xylenes, total 

Notes: 

J = estimated result 

B = compound WBS detected in laboratory method blank 

U = non detect 

ugfl = mlcro*ams per liter 

only detected compounds are included in this table. 

Complete analytical results ate included in Appendix E. 

73.DW03 

lR73.DGW03DW.99B 

5/l 9199 

0.5 u 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.74 I 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

TABLE 4-4 

POSITIVE DETECTIONS IN 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

73-DW05 

IR73-GW05DW-99B 

5119199 

0.5 u 

05u 

NA 

0.5 u 

05u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

73MW39DW 

IR73.GW39DW-99B 

5ml99 

0.5 u 

0.5 u 

NA 

7 

0.5 u 

0.5 u 

53 

0.5 u 

2.5 U 

0.8 

0.7 

0.5 u 

45 

43 

0.35 J 

73MW43DW 

IR73-GW43DW-99B 

508l99 

0.5 u 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.64 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

73.MW44DW 

IR73-GW44DW.99B 

5118199 

1.8 

3.6 

NA 

9.1 D 

0.6 BJD 

0.5 u 

520 D 

0.59 

0.73 I 

0.88 

24 D 

990 D 

31 D 

I.8 

73.MW45DW 

IR73.GW45DW-99% 

5/l 8199 

0.5 u 

osu 

NA 

0.5 u 

0.5 u 

0.5 u 

2.5 

05u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
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WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (u%L) 

l,I-Dichloroethe”e 

l,2-Dichlaroethane 

1,2-Lkhloroethe”e, total 

Benzene 

Chhobenzene 

Chlorofoml 

cis-l,2-Dicbloroetbe”e 

Ethylbenzene 

Methylene chloride 

TSCAIO~Odb~“~ 

TOIUe”e 

trans-1,2-Dtcldoroethene 

TriChlO~O~tb~“~ 

Viiyl chloride 

Xylenes, total 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Only detected compounds are included i” this table. 

Complete analytical results are included in Appends E. 

Minimum MaximU”? 

Non-Detect Non-Detect 

TABLE 4-4 

POSITIVE DETECTIONS IN 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CT00130 
MCB, CAMP LEJEUNE, NC 

0.5 u 5u 

0.5 u 5u 

5U 5u 

0.5 u 5u 

0.5 u 5U 

0.5 u 5u 

0.5 u 5u 

0.5 u 5u 

2.5 U 5u 

0.5 u 5u 

0.5 u 5u 

0.5 u 5u 

0.5 u 5u 

0.5 u 5u 

0.5 u su 

Mti”l” 

Detected 

1.8 

3.6 

51 

2.8 D 

0.34 BJ 

II 

2.5 

0.59 

0.73 I 

0.64 

0.4 I 

0 83 

41 

0.35 J 

Detected 

21 

3.4 

5J 

9.1 D 

0.63 BID 

I I 

520 D 

0.59 

9B 

2J 

24 D 

990 D 

31 D 

I.8 

Location of 

Maximnm Detect 

IR73-DW03 

IR73-MW44DW 

IR73-MW40DW,IR73-MW4ODW 

IR73.MW44DW 

IR73-DW03 

lR73.MW39DW 

IR73-MW44DW 

IR73.MW44DW 

IR~~-DWO~,IR~~-~V~W~~DW,IR~~-MW~~DW 

IR73-MW42DW 

IR73-MW44DW 

IR73.MW44DW 

IR73.MW44DW 

IR73.MW44DW 

IR73-MW44DW 

Frequency Arithnatic Mean 

of Detection Positive Detects 

2/18 1.9 

1118 3.6 

2l6 5 

5/18 5.58 

3118 0.5233 

1118 I 

7112 124.0714 

l/l8 0.59 

6118 4.9783 

S/l8 1.064 

4/18 0.7175 

3112 11 

7118 220.1186 

S/I8 11.02 

208 1 075 

Mdi?” 

Positive Detects 

1.9 

3.6 

0.6 

53 

0.59 

52 

0.88 

0.735 

45 

7.8 

1.075 
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WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILE3 @g/L) 

l,l-Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroetbene, total 

BtXZYX 

Chlorobenzene 

Chlorofoml 

c&1,2-Dichloroethene 

Ethylbenzene 

Methylem chloride 

T&d-JO~O&~ll~ 

T0hlUle 

tram-1,2-Dichlorwthhene 

TfiChlOIO&h.%l.S 

Vinyl chloride 

Xylems, total 

Notes: 

J = estimated result 

B = compound wai detected in laboratory method blank 

U = non detect 

ugA = micrograms per liter 

Only detected compounds are included in this table. 

Complete analytical results are included in Appendix E. 

TABLE 4-4 

POSITIVE DETECTIONS IN 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPIIIBIOUS VEIIICLE MAMTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUh’E, NC 

Adtbmatic Mean 

HalfNon-Detects 

1.5583 1.0905 2.0054 -0.0098 1.1333 4.3178 

1.6861 1.206 2.1806 0.0411 1.1747 4.9124 

3.3333 I.291 4.3953 1.1473 0.3579 4.9426 

2.7306 2.4345 3.7288 0.4707 1.248 8.7047 

1.5456 1.1031 1 .s979 0.01 1.0749 3.9562 

1.4167 1.1279 I .8192 -0.158 1.15 3.8415 

72.6667 148 5583 149.6833 I .7462 2.8457 157182.0783 

1.5189 1.1313 1.9828 -0.0594 1.1392 4.1545 

2.9789 2.8479 4.1466 0.769 0.7712 4.5551 

1.4761 1.0266 1.897 0.0164 1.002 3.4993 

1.6039 1.0485 2.0338 0.1157 0.9964 3.489 

3.5 6.6683 6.957 0.0504 1.6133 33.2068 

86.7544 237.4817 184.1288 1.5628 2.4571 2212.287 

4.2417 7.0577 7.1356 0.6006 1.4187 16.2573 

1.5917 1.1018 2.0435 0.0213 1.1211 4.3543 

Standard upper 95% 

Confidence Level 

Log Arithmatic Mean 

HalfNon-Detects 

Log Standard 

Detiati0ll 

Log Upper 95% 

Confidence Level 

1-4-4.5.xls HJTS4.4 l/2/02 Page 5 of 5 



TABLE 4-S 

WELL ID 

SAMPLE 1D 

SAMPLE DATE 

VOLATlLES @g/L) 

I,l-Dichloroethene 

1,2-Diehhoethane 

1,2-Dichloroethene, total 

Benzene 

Chlorobenzene 

chlorofoml 

&-1,2-Dicbl0r0ethene 

Ethylbenzene 

Metbylene chloride 

T&hlOK&h~Il~ 

T0lllWle 

tram-l,l-Dichloroethhene 

TIiChJOKWhWl~ 

Vinyl chloride 

Xylenes, total 

0.38 

70 

50 

0.19 

70 

29 

0.7 

1,000 

70 

2.8 

0.015 

530 

NCWQ 

Interim 

Standards 

Wl 1 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

SUMMARY OF GROUNDWATER, CASTLE HAYNE AQUIFER 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEIEUNE. NC 

73-DW03 13.DW04 73.DWO5 73sMW38DW 73.MW39DW 

IR73-OWO3DW-98D IR73-GW04DW.98D IR73-GWOSDW-98D IR73-GW38DW-98D IR73-GW39DW-98D 

11117/98 1 I/17/98 I l/19/98 1 l/17/98 11/17/9X 

21 

5U 

5u 5u 

5U su 

NA 5u 

SU 5U 

5u SU 

5u 5U 

3J NA 

su su 

5u B 

5tJ 5U 

5u 5u 

5u NA 

5U 5U 

5u 5U 

5u 5u 

SU 5U 

5u 5u 

NA NA 

5u 

5u 5U 

5u J 

su 40 

SU su 

5U 5u 

5u su 

5u 5U 

SU 5u 

5u 

5U J 

su 5U 

4.4_4J.xls COMPARISON4.5 l/2/02 Page I of 6 



TABLE 4-5 

SUMMARY OF GROUNDWATER, CASTLE HAYNE AQUIFER 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1.1.Dichioroethene 

1,l-Dicbloraetbme 

I,%Dichloroetbene, total 

BellZne 

Chlorobenzene 

Chhofoml 

cis-1,2-Dichloroetbene 

Ethylbenzene 

Methylem &hide 

T&&kXO&~Il~ 

TOIUUI~ 

hxwl,Z-Dichloroethehene 

TiiEbhOdbETl~ 

Vinyl chloride 

Xylenes, total 

7 

0.38 

70 

50 

0.19 

70 

29 

5 

0.7 

1,000 

70 

2.8 

0015 

530 

NCWQ 

Standards 

Wl) 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NFi 

NE 

NE 

5 

10 

5.0 

100 

100 

70 

700 

NE 

5.0 

1000 

100 

5 

2 

10,000 

Notes: 

3 = estimated result 

B = compound was detected in labomtoty method blank 

V = non detect 

ug/l = micrograms per lita 

Grey indicates compound concentration exceeds North Carolma Groundwater Standards 

Bold ildicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

73.MW40DW 73-MW4ODW 73.MW41DW 73-MW42DW 73.MW42DW 

IR73-GW4ODW-98D IR73-DGW40DW-98D IR73.GW4 I DW-98D IR73-GW42DW-98D lR73-GW42DWD-98D 

,1/16/98 11/16/98 11116198 11/19/98 I l/19/98 

5u 5u 

5U 5u 

51 51 

5u 5u 

5u 5u 

5U 5u 

NA NA 

5U 5u 

5u 5u 

5u 5u 

5u 5u 

NA NA 

5U 5u 

5u 5u 

5U 5u 

5u 5U 5U 

5u 5u 5U 

5u 5u JU 

5u 5u 5u 

5u 5u SW 

5u 5u 5u 

NA NA NA 

5u 5u 5U 

5U B 

5u J 

5u 5u 5u 

NA NA NA 

5u 5u 5u 

SU 5u 5U 

5u 5u 5u 

4.4-4-5.xls COMPARISON4-5 l/2/02 Page 2 of 6 



TABLE 4-5 

SUMMARY OF GROUNDWATER CASTLE HAYNE AQUIFER 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (I@,) 

l,l-lkbloroethene 

1,2-Dichloroethane 

I,2-Dichloroetkene, total 

BemIle 

Chlorobenzene 

chlorofwm 

cis-1,2-DicbIoroetbe”e 

Ethylbemene 

Metbylene chloride 

Td2dlbX0etbelle 

Toluene 

tmw1,2-Dicbloroetbene 

TdChlO~O~tb~ll~ 

Vinyl chloride 

Xylenes, total 

NCWQ 

Interim 

Standards 

1 NE 

0.38 NE 

70 NE 

1 NE 

50 NE 

0.19 NE 

70 NE 

29 NJ? 

5 NE 

0.7 NB 

1,000 NE 

70 NE 

2.8 m 

0.015 NE 

530 NE 

5 

70 

5.0 

100 

100 

70 

700 

NE 

5.0 

1000 

100 

5 

2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ugfl = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

73-DWO2 73-DW03 73-DW03 73-DW05 

IR73-GW02DW.99B lR73-ClWO3DW-99B lR73-DGW03DW-99B IR73-GWOSDW-99B 

5116/99 5/19/99 S/l 9199 5/l 9199 

0.5 u 0.5 u 

0.5 u 0.5 u 

NA NA 

0.5 u D 

0.34 BJ BID 

0.5 u u 

0.5 u D 

0.5 u 0.5 u 

2.5 u 1.4 ID 

0.5 u 0.5 u 

0.4 I 0.77 JD 

0.5 u 4 

0.83 D 

0.5 u D 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

NA NA 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u osu 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.74 1 2.5 U 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

4-4-4J.xls COMPARISON4.5 l/2/02 Page 3 of 6 



WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (“g/L) 

I,1 -Dichloroethene 

1,2-Dicld0r0etbane 

1,2-Dichloroethene, total 

BefiZene 

Chhrobenzene 

Chloroform 

cis-1,2-Dichlomethene 

Ethylbenzene 

Metbylene chloride 

T~haChhl~th~Il~ 

T0kle 

trans.1,2~Dicbloroethhene 

TiiCblOIO~tb~~~ 

Vinyl chloride 

Xylenes, total 

7 

0.38 

70 

50 

0.19 

70 

29 

s 

0.7 

1,000 

70 

2.8 

0.015 

530 

NCWQ 

Interim 

Standards 

bdl 1 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE? 

NE 

NE 

NE 

NE 

NE 

TABLE 4-S 

SUMMARY OF GROUNDWATER, CASTLE HAYNE AQUIFER 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CT00130 

MCB. CAMP LEJEUNE, NC 

Federal 

@Q 

(WI ) 

7 

5 

70 

5.0 

100 

100 

70 

700 

NE 

5.0 

1000 

100 

5 

2 

10,000 

Notes: 

J = estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

73-MW39DW 73.MW43DW 73.MW44DW 73-MW45DW 

IR73-GW39DW-99B lR73-GW43DW-99B 1R73-GW44DW-99B IR73-GW45DW.99B 

5118199 5/18199 5/18/99 5118199 

0.5 u 

0.5 u 

NA 

05 u 

53 

0.5 u 

0.35 J 

0.5 u 1.8 

osu 

NA 

0.5 u D 

0.5 u 0.6 BID 

0.5 u 0.5 u 

0.5 u D 

0.5 u 0.59 

2.5 U J 

0.64 

0.5 u 1 

0.5 u 24 D 

0.5 u D 

0.5 u D 

0.5 u 1.8 

05 u 

0.5 u 

NA 

osu 

05 u 

0.5 u 

2.5 

0.5 u 

2.5 U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
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WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

I,1 -Dictdoroetbene 

1,2-Dichloroethane 

l,2-Dichloroethene, total 

Benzene 

Chhrobenzene 

chlorofoml 

cis-1,2-Dichloroethene 

Ethylbenzene 

Meihylene chloride 

T&&l0r&helle 

TObME 

h-m-1,2-Dictdoroethene 

TtiChlOrO&ene 

Vinyl chloride 

Xylenes, total 

7 

0.38 

70 

50 

0.19 

70 

29 

5 

0.7 

1,000 

70 

2.8 

0.015 

530 

NCWQ 

Interim 

Standards 

od 1 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

TABLE 4-S 

SUMMARY OF GROUNDWATER, CASTLE HAYNE AQUIFER 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEIJNE, NC 

u 

MCL 

@g/l 1 

7 

5 

70 

5.0 

100 

100 

70 

700 

NJ3 

5.0 

1000 

100 

5 

2 

10,000 

Notes: 

I= estimated result 

B = compound was detected in laboratory method blank 

U = non detect 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

O/l8 

1118 

06 

5/l 8 

0118 

1118 

3/l 2 

O/l8 

3/l 8 

4/l 8 

O/l 8 

O/l 2 

5/l 8 

4/18 

O/l8 

3.6-3 6 

2.8D-91 .lD 

1LlJ 

120D-520D 

9B-9B 

0.88-2J 

34-990D 

4L31D 

Number 

Exceeding 

NCWQ 

Interim 

Standards 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NJ.2 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

Range 

Exceeding 

NCWQ 

__ 
_- 

__ 
_- 

-- 
__ 
__ 
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TABLE 4-5 

SUMMARY OF GROUNDWATER. CASTLE HAYNE AQUIFER 
VOLATILE ORGANIC COMPOUNDS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (“g/L) 

l,I-Dicbloroetbene 

1,2-Dichloroethane 

I ,2-Dichloroethene, total 

Benzene 

Chlorobenzene 

Chloroform 

cis-1,2-Dichloroethene 

Ethylbenzene 

Metbylene chloride 

T&hlO~OdhMl~ 

TObMl~ 

hans-l,2-Dicbloroethene 

TtiCblOIO&b~ll~ 

Vinyl chloride 

Xylenes, total 

Notes: 

1 

0.38 

70 

50 

0.19 

70 

29 

5 

0.7 

1,000 

70 

2.8 

0.015 

530 

NCWQ 

Interim 

Standards 

(WI ) 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

NE 

5 

70 

5.0 

100 

100 

70 

700 

NE 

5.0 

1000 

100 

5 

2 

10,000 

J = estimated result 

B = compound WBS detected in laboratory method blank 

U = non detect 

ug/l = micrograms per liter 

Grey indicates compound concentration exceeds North Carolina Groundwater Standards. 

Bold indicates compound concentration exceeds Interim Groundwater Standards. 

Underline indicates compound concentration exceeds Federal MCL Standards. 

&g&g 

Exceeding 

Federal 

MCL 

NE 

O/l8 

O/6 

3/I 8 

O/18 

O/l8 

NE 

0118 

NE 

O/18 

0118 

NE 

5/l 8 

4/l 8 

0118 

__ 
6-9. ID 

__ 

_. 
34-990D 

4J-31D 

_- 

Location 

MaXhUm 

Detect 

lR73-DWO3 

lRl3-MW44DW 

IR73-MW40DW,IR73-MW4ODW 

IR73-MW44DW 

IR73-DW03 

IR73-MW39DW 

lR73-MW44DW 

IR73-MW44DW 

IR73-DW05,IR73-MW42DW,IR73-MW42DW 

IR73-GW42DWD.98D 

IR73-MW44DW 

1R73.MW44DW 

lR73-MW44DW 

lR73-MW44DW 

IR73.MW44DW 

4.4_4-5.xls COMPARISON4-5 l/2/02 Page 6 of 6 



WELL ID 73-DWOl 73-DW02 73-DW06 73-DWll 73-MWllB 

SAMPLE ID IR73-DWOl-OlB IR73-DW02-OlB IR73-DW06-OIB IR73-DWll-OlB IR73-GWllB-OlB 

SAMPLE DATE 05-17-2001 05-17-2001 05-17-2001 05-17-2001 05-17-2001 

VOLATILES (q/L) 
I,1 -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroform 

cis-1,2-Dichloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

NATURAL ATTENUATION PARAMETERS (mg/L) 

Chloride 

Kjeldahl Nitrogen 

Nitrate-N 

Sulfate 

Total Organic Carbon 

TABLE 4-6 
SUMMARY OF POSITIVE DETECTIONS, MAY 2001 

OPERABLE UNIT NO.21 - SITE 73 
NATURAL ATTENUATION EVALUATION--CTO-0130 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

5u 5u 5u 5u 5u 

5U 5u 5U 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5J 

5u 5u 5u 5u 5U 

5u 5u 5u 5u 5u 

SU 5u 5u 5u 8 

5u 5u 5u 5u 1 J 

10.9 28.4 

0.183 0.05 u 

6.11 5u 

5u 5u 

47.3 

0.242 

0.05 u 

5u 

5u 

7.89 

0.05 u 

5u 

5u 

8.93 

0.05 u 

5u 

5u 

Notes: 
U--non detect 
J--estimated value 
D--analysis performed on diluted sample 



WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroform 

cis-1,2-Dichloroethene 

Toluene 

trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

NATURAL ATTENUATION PARAMETERS (mg/L) 
Chloride 

Kjeldahl Nitrogen 

Nitrate-N 

Sulfate 

Total Organic Carbon 

TABLE 4-6 
SUMMARY OF POSITIVE DETECTIONS, MAY 2001 

OPERABLE UNIT NO.21 - SITE 73 
NATURAL ATTENUATION EVALUATION--CTO-0130 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MW38DW 

IR73-GW38DW-OlB 

05-16-2001 

5u 5u 5u 5u 

5u 5u 5u 5u 

5u 5u 5u 5u 

5u 5u 5u 25 

5u 13 5u 11 

1 J 5u 1J 1 J 

5u 5u 5U 5u 

5u 5u 5u 13 

5u 1 J 5u 5u 

23.8 

0.05 u 

5u 

5u 

73-MW41DW 

IR73-GW41DW-OlB 

05-16-2001 

215 

0.05 u 

5u 

5u 

73-MW42DW 

IR73-GW42DW-OlB 

05-16-2001 

19.9 

0.05 u 

5u 

5u 

73-MW46DW 

IR73-GW46DW-OlB 

05-16-2001 

32.1 

0.05 u 
5u 

5u 

Notes: 
U--non detect 
J--estimated value 
D--analysis performed on diluted sample 



WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroform 

cis-1,2-Dichloroethene 

Toluene 

tram-1,2-Dichloroethene 

Trichloroethene 

Vinyl chloride 

NATURAL ATTENUATION PARAMETERS (mg/L) 
Chloride 

Kjeldahl Nitrogen 

Nitrate-N 

Sulfate 

Total Organic Carbon 

TABLE 4-6 
SUMMARY OF POSITIVE DETECTIONS, MAY 2001 

OPERABLE UNIT NO.21 - SITE 73 
NATURAL ATTENUATION EVALUATION--CTO-0130 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MW47DW 

IR73-GW47DW-OlB 

05-15-2001 

5u 5u 45 5u 

5u 5u 25 5u 

5u 5u 10 25 

5u 1 J 1J 5u 

1J 36 320 D 25 

1J 1J 25 25 

5u 5u 10 5u 

1 J 51 1500 D 5u 

5u 5u 14 1J 

30.5 

0.05 u 

5u 

44.58 

73-MW48DW 

IR73-GW48DW-OlB 

05-15-2001 

28.6 

0.05 u 

19.9 

59.5 

73-MW49DW 

IR73-GW49DW-OlB 

05-15-2001 

57 

0.05 u 

39 

5u 

73-MWSODW 

IR73-GWSODW-OlB 

05-15-2001 

383 

0.05 u 

5u 

14.08 

Notes: 
U--non detect 
J--estimated value 
D--analysis performed on diluted sample 



TABLE 4-7 

WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroethane 

Cis-1,2-Dichloroethene 

Total 1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

NATURAL ATTENUATION PARAMETERS 

Chloride (mg/L) 

Nitrogen-Ammonia As N (mg/L) 

Nitrogen - Total Organic (Ton) (mg/L) 

Phosphate, Grtho As P (mg/L) 

Sulfate (mg/L) 

Total Organic Carbon (mg/L) 

Ethane (ug/L) 

Methane (ug/L) 

SUMMARY OF POSITIVE DETECTIONS--JULY 2001 
OPERABLE UNIT NO. 21- SITE 73 

NATURAL ATTENUATION EVALUATION 
MCB, CAMP LFJEUNE, NORTH CAROLINA 

A47/3-11 A47/3-16 A47/3-8 73-DW02 

IR73-A47/3-GWl l-OlC IR73.A47/3-GW16-OlC IR73-A47/3-GW8-OlC IR73-GW02DW-OlC 

07/13/01 07/13/01 07/16/01 07/13/01 

5u 5u 5u 5u 

5u 5u 5u 5u 

35 5U 19 5u 

5u 5u 5u 5u 

5u 5u 10 5u 

5u 5u 13 5u 

5u 5u 4J 5u 

5u 5u 5u 5u 

2u 2u 39 2u 

40 80 J 65 30 

2 4 1u 5 

10 u 10 u 10 u 10 u 

10000 3900 13000 240 

4.7.xl.s GW Hits 

1/z/02 



TABLE 4-7 

WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroethane 

Cis-1,2-Dichloroethene 

Total 1,2-Dichloroethene 

Tram-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

NATURAL ATTENUATION PARAMETERS 

Chloride (mg/L) 

Nitrogen-Ammonia As N (mg/L) 

Nitrogen - Total Organic (Ton) (mg/L) 

Phosphate, Grtho As P (mg/L) 

Sulfate (mg/L) 

Total Organic Carbon (mg/L) 

Ethane (Q/L) 

Methane (ug/L) 

SUMMARY OF POSITIVE DETECTIONS--JULY 2001 
OPERABLE UNIT NO. 21- SITE 73 

NATURAL ATTENUATION EVALUATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-DW04 73-DW05 73-DW06 73-MW08 73-MW09 

IR73-GW04DW-OlC IR73-GW05DW-OlC IR73-GW06DW-OlC IR73-GW08-OlC IR73-GW09-OlC 

07/13/01 07/16/01 07/13/01 07/16/01 07/13/01 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5U 5u 5u 35 5u 

5u 5u 5u 5u 35 

5u 5u 5u 5u 35 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

2u 2u 2u 2u 11 

80 J 13 60 

0.1 u 

0.1 u 

0.1 

1u 1u 4 

10 u 10 u 10 u 10 u 10 u 
660 100 47 2300 170 

40 

7.1 

9 

15 

4-7.h GW Hits 

l/2/02 



WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1,1 -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroethane 

Cis-1,2-Dichloroethene 

Total 1,2-Dichloroethene 

Tram-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

NATURAL ATTENUATION PARAMETERS 

Chloride (mgiL) 

Nitrogen-Ammonia As N (mg/L) 

Nitrogen - Total Organic (Ton) (mg/L) 

Phosphate, Ortho As P (mg/L) 

Sulfate (mg/L) 

Total Organic Carbon (mg/L) 

Ethane (ug/L) 

Methane (ugiL) 

TABLE 4-7 

SUMMARY OF POSITIVE DETECTIONS--JULY 2001 
OPERABLE UNIT NO. 21- SITE 73 

NATURAL ATTENUATION EVALUATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MWlO 

IR73-GWlODW-OIC 

07/16/01 

73-MW13 

IR73-GW13-OlC 

07/16/01 

73-MW15 

IR73-GW15-OlC 

07/13/01 

5u 5u 5 UJ 5u 5u 

5u 5u 5 UJ 5U 5u 
5u 7 5 UJ 5U 5u 
5u 5U 5 UJ 5u 5u 
5u 32 5 UJ 5u 27 
5u 36 5 UJ 5u 27 
5u 35 5 UJ 5U 5u 
5u 5u 5 UJ 5u 30 
2u 30 2 UJ 2u 2u 

13 

0.1 u 

0.1 u 

0.2 

2 

2 

10 u 

190 

40 300 J 

15 

10 u 

7000 

1u 

16 

12000 

73-MW16 73-MW27 

IR73-GW16-OIC! IR73-GW27-OlC 

07/16/O 1 07/16/01 

20 

0.4 

0.5 

0.05 u 

4 

17 

10 u 

1000 

20 

7.8 

10 u 

3700 

4.7.h GW Hits 

l/2/02 



WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (ug/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroethane 

Cis-1,2-Dichloroethene 

Total 1,2-Dichloroethene 

Trans-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

NATURAL ATTENUATION PARAMETERS 

Chloride (mg/L) 

Nitrogen-Ammonia As N (mg/L) 

Nitrogen - Total Organic (Ton) (mg/L) 

Phosphate, Grtho As P (mg/L) 

Sulfate (mg/L) 

Total Organic Carbon (mg/L) 

Ethane (ug/L) 

Methane (ug/L) 

73-MW29 

IR73-GW29-OlC 

07/14/01 

TABLE 4-7 

SUMMARY OF POSITIVE DETECTIONS--JULY 2001 
OPERABLE UNIT NO. 21- SITE 73 

NATURAL ATTENUATION EVALUATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MW35 

IR73-GW35-OlC 

07/16/01 

73-MW39DW 

IR73-GW39DW-OlC 

07/16/01 

5u 5u SU 5u 45 

5u 5u 5u 5u 35 

5u 5u 9 5u 8 

5u 5u 5u 5u 5u 

2J 5u 70 5u 540 

25 5u 70 5u 590 

5u 5u 5U 5u 39 

5u 5u 75 J 5u 920 

1 J 2u 75 2u 34 

40 9 

0.1 u 

0.3 

0.05 u 

7.8 

8.3 

10 u 

77 

50 

2 

10 u 10 u 10 u 

3500 62 6600 

73-MW40DW 73-MW44DW 

IR73-GW40DW-OlC IR73-GW44DW-OlC 

07/13/01 07/16/01 

20 73 

1u 4 

4.IA3 GW Hits 

l/2/02 



WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroethane 

Cis-1,2-Dichloroethene 

Total 1,2-Dichloroethene 

Tram-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

NATURAL ATTENUATION PARAMETERS 

Chloride (mg/L) 

Nitrogen-Ammonia As N (mg/L) 

Nitrogen - Total Organic (Ton) (mgiL) 

Phosphate, Ortho As P (mg/L) 

Sulfate (mg/L) 

Total Organic Carbon (mg/L) 

Ethane (ug/L) 

Methane (ug/L) 

TABLE 4-7 

SUMMARY OF POSITIVE DETECTIONS--JULY 2001 
OPERABLE UNIT NO. 21- SITE 73 

NATURAL ATTENUATION EVALUATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MW45DW 73-MW46DW 73-MW47DW 

IR73.GW45DW-OlC IR73-GW46DW-OlC IR73-GW47DW-OlC 

07/13/01 07/13/01 07/13/01 

5u 5u 5u 5u 

5u 5u 5u 5U 

5u 5u 5u 5u 

5u 5U 5u 5u 

45 15 5u 46 

45 15 5u 46 

5u 5u 5u 5u 

5u 25 5u 69 

2u 2u 2u 2u 

20 

1u 

10 u 10 u 10 u 10 u 

330 540 230 460 

30 

IU 

40 

1u 

73-MW48DW 

IR73-GW48DW-OlC 

07/16/01 

30 

4.7.xls GW Hits 

l/2/02 



TABLE 4-7 

WELL ID 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1,l -Dichloroethene 

1,2-Dichloroethane 

Benzene 

Chloroethane 

Cis-1,2-Dichloroethene 

Total 1,2-Dichloroethene 

Tram-1,2-Dichloroethene 

Trichloroethene 

Vinyl Chloride 

NATURAL ATTENUATION PARAMETERS 

Chloride (mg/L) 

Nitrogen-Ammonia As N (mg/L) 

Nitrogen - Total Organic (Ton) (mgiL) 

Phosphate, Grtho As P (mg/L) 

Sulfate (mp/L) 

Total Organic Carbon (mg/L) 

Ethane (ug/L) 

Methane (ug/L) 

SUMMARY OF POSITIVE DETECTIONS--JULY 2001 
OPERABLE UNIT NO. 21- SITE 73 

NATURAL ATTENUATION EVALUATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

73-MW49DW 73-MW50DW 

IR73-GW49DW-OlC IR73-GW50DW-OIC 

07/16/01 07/16/01 

45 

13 

5u 

940 

940 

17 

4600 

20 

5u 

5u 

25 

5u 

34 

34 

5u 

5u 

2J 

54 300 

36 1u 

10 u 10 u 

3100 5600 

4.7.xls GW Hits 

l/2/02 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

hloroethylene 
chloroethylene 

Dethylene 

5p 
a-- - 

5U 
5u - 2127196 cis- 1,2-Dichlorc 

5/l 6/99 cis- 1 ,ZDichloroeth$ene - 0.5 u 
- 7/l 3/O 1 cis- 1,2-Dichloroethylene 5u 

5117195 IVim 
. 

rl chloride 5pJ - 
1 ,, *a I 7tTT - 2/27/96 Vinyl cmorlae 

5/ 16/99 Vinyl chloride 
7/13/O 1 Vinyl chloride 

SU 

- 0.5 u 
- 2u 

Benzene 
7/96 Benzene 

5/l 7195 
212’ I 
5/16/99 /Benzene 
7/13/01 

5.u - 
5u - 

1 Benzene 

I 
I 0.5/u - 

51U - 

Notes: 
U-- non-detect 
D-- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

1 Dal te IChemical IConcentration hz/LIl 

‘96 I Trichloroethvlene 3201 

5/l 9/99 Trichloroethylene 
‘00 Trichloroethvlene 

220 D 
210.D -i 7128, J I I 

1 O/25/00 1 Trichloroethylene 290jD 1 

I 
l/25/01 Trichloroethylene 

1 4/6/01 Trichloroethylene 
3001D 1 

S/17/95 cis-1,: - _ 2-lkhloroethylene 
2/27/96 cis- 1,2-Dichloroethylene 
11/17/98 c , 2 
5/l 9/99 cis- 1,2-Dichloroethylene 
7/28/00 c , -I I 

,is-1,2-Dichloroethvlene I 

,is- l-2-Dichloroethvlene i 
1 1 O/25/00 1 cis- 1.2-Dichloroethvlene 1 -.- 
c d 

1/25/O 1 cis- 1,2-Dichloroethylene 130 
4/6/01 c (is- 1,2-Dichloroethvlene I 
5117195 1 ,‘invl chloride 
2/27/96 Vi& chloride 4 

I 
1 l/l 7/98 Vinyl chloride 81 I 
5/l 9/99 Vinvl chloride 

7/28/00 lVin$ chloride 
10/22 i/O0 I Vinvl chloride , 
l/25/01 Vinyl chloride 

4/6/01 Vinyl chloride 

8.6 

15 .3 

14 

8 : 3 

21u I 

5/17/95 IBenzene I 

1 l/17/98 IBenzene 
2/27/96 IBenzene sl” I 

51J 

4/6/O 1 JBenzene 

Notes: 
U-- non-detect 
D-- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

r 

‘lY8 ‘l‘nchloroethylene 
7/26/00 Trichloroethylene 
1 O/25/00 Trichloroethylene 

‘01 Trichloroethylene 1,241 
4/5/o 1 
7,13j-a !- . . . 

Trichloroethylene 
. . 

‘01 ~‘l‘richloroethylene 
5/17/95 cis- 1,2-Dichloroethylene 
1 l/l 7/98 cis-1,2-Dichloroethylene 
7/26/00 cis- 1,2-Dichloroethylene 

1 1 O/25/00 1 cis-1,2-Dichloroethylene 1 

5u 
5J 
5J 
5u 

1/24/O 1 cis- 1,2-Dichloroethylene 5J 
4/5/o 1 cis- 1,2-Dichloroethylene 5J 

3 

Notes: 
U-- non-detect 
D- analysis performed on diluted sample 
J-- estiited value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

7/16/01 
5/l 7/95 
5/l 9199 
7/26/00 
10/l l/00 
l/24/01 
4/5/o 1 
7/16/01 
5117195 
1 l/19/98 
5/l 9199 
7126100 
10/l l/00 
l/24/01 
4,510 1 
7/16/01 
5/l 7195 
1 l/19/98 
5/l 9199 
7126100 
10/l l/00 
l/24/01 
4,510 1 
7/16/01 

I Chemical IConcentration (w/L1 

Trichloroethvlene 
Trichloroethklene 

J 

Trichloroethylene 
Trichloroethylene 
Trichloroethvlene 

Trichloroeth;lene 

Trichloroethylene 
Trichloroethvlene 

5u 

0.5 iJ - 

5u - 

1u - 
5u - 

I 

I 511-J - 
Jo 

cis- 1,2-Dichloroethylene 
cis- 1,2-Dichloroethylene 
cis- 1,2-Dichloroethylene 
cis- 1,2-Dichloroethylene 
cis-1.2-Dichloroethvlene 
cis-1,2-Dichloroethylene 
cis- 1,2-Dichloroethylene 
Vinyl chloride 
Vinyl chloride 
Vinyl chloride 
Vinvl chloride 
Vinyl chloride 
Vinyl chloride 
Vinyl chloride 
‘Vinvl chloride 

- - 

5u - 
0.5 u - 

2u - - 
5u 
5u - 
5u 
5u - 
5u - 
5u - 

- 0.5 u 
2u - 
2u 
2u - 
2u - 
2u - 

Benzene I 51u 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 

5u 
0.5 u - 

1u - 
5u 
5u - 
5u 
5u - 

Notes: 
U- non-detect 
D-- analysis performed on diluted sample 
J- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

5/l 6199 1 Trichloroethylene 
5/17/95 ITrichloroethvlene 

7128100 Trichloroethylene 
10/25/00 Trichloroethylene 
l/25/01 Trichloroethylene 
4/6/O 1 Trichloroethylene 

7/l 6/01 Trichloroethylene 
5/l 7195 cis-1,2-Dichloroethylene 
5/l 6199 cis- 1,2-Dichloroethylene 
7128100 cis-1,2-Dichloroethylene 
1 O/25/00 cis-l-2-Dichloroethvlene 

5u 
- 5u 

5u - 
- 5u 
- 5u 
- 74 
- 36 
- 56 
- 43 

\ --.--. - -~- 

1/25/O 1 cis- 
1,2-Dichloroeth;lene ~’ 

39 
4/6/O 1 cis- 1,2-Dichloroethylene 27 

7/l 6/O 1 cis- 1.2-Dichloroethvlene 32 
I 5/17/95 Winvl chloride I 

5/l 6199 1 Vi& chloride 181 ZI 
7/28/00 I Vinvl chloride 42 , 
1 O/25/00 Vinyl chloride 41 
1/25/O 1 Vinyl chloride 42 
4/6/O 1 Vinyl chloride 24 
7/16/01 1 Vinyl chloride , _ 
5/l 7195 IBenzene 9.4 

5KJ I 

5116199 I Benzene , 
7128100 Benzene 7 
1 O/25/00 Benzene 6 

- !5/01 Benzene 7 l/S 
4/6/O 1 1 Benzene 6 - 
7/16/01 1 Benzene 

Notes: 
U-- non-detect 
D-- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
U-- non-detect 
D-- analysis perfonued on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I 

emical 

6199 I Trichloroethvlene 

l/25/01 Trichloroethylene 
4,610 1 Trichloroethylene 

7/l 6/O 1 Trichloroethylene 
5/l 7195 cis-1,2-Dichloroethylene 
2/27/96 cis- 1,2-Dichloroethylene 
5/l 6199 cis-1,2-Dichloroethylene 
1 O/26/00 cis-1,2-Dichloroethylene 
l/25/01 cis-1.2-Dichloroethvlene 

5u 
5u 
5u 

34 
44 

8.3 
13 
19 

’ 416101 cis- 1,2-Dichloroethylene 12 
7/l 6101 cis-1,2-Dichloroethylene 10 
5117195 Vinyl chloride 23 
2127196 Vinyl chloride 43 
5/16/99 Vinyl chloride 38 
1 O/26/00 Vinyl chloride 56 
l/25/0 1 Vinvl chloride 64 

t 4/6/01 
I --;I -~ I 
I Vinvl chloride I 481 1 

1 7/16/01 IVinvl chloride ~~. ~- ,--- ~~ 
5/l 7195 Benzene 
2/27/96 Benzene 
5/l 6199 Benzene 
1 O/26/00 Benzene 

I l/25/01 (Benzene 
4/6/01 IBenzene 231 I =I 

1 7116101 IBenzene I 191 I 

Notes: 
U-- non-detect 
D-- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

1 l/l 6198 Trichloroethylene 5u 
- 7/26/00 Trichloroethylene 5u 
- 1 O/25/00 Trichloroethvlene 5u 

1/24/O 1 Trichloroethylene 
4/5/o 1 Trichloroethylene 
7/l 3/O 1 Trichloroethylene 

5u 
- 5u 
- 5u 

5/l 7195 cis- 1,2-Dichloroethylene 1.3 - 
7126100 cis- l-2-Dichloroethvlene 5u - 

I I 

1 O/25/00 I cis- 1.2-Dichloroeth;lene 
I I 
I 51J - 

1/24/O 1 cis- 1,2-Dichloroethylene 5u 
4,510 1 cis- 1.2-Dichloroethvlene 5u - 

7/13/01 cis-1,2-Dichloroethylene 5u 
- 5/l 7195 Vinyl chloride 5u 
- 1 l/16/98 Vinyl chloride 5J 
- 7/26/00 Vinvl chloride 2J 

1 O/25/00 Vinyl chloride 25 
1/24/O 1 Vinvl chloride 2u - 
4/5/01 Vinyl chloride 2u 

- 7/l 3/O 1 Vinyl chloride 2u 
- 5/ 17/95 Benzene 7.6 

1 l/l 6198 Benzene 7 
- 7126100 Benzene 5J 
- 1 O/25/00 Benzene 5J 

1/24/O 1 1 Benzene 5J 
1 - 4/5/O 1 Benzene 5J 

1 7113101 IBenzene I 51J - 

Notes: 
U- non-detect 
D- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ILocation l Date IChemical IConcentration (x&L) l 

. . ..~................,..,,~,.~..~.... . . . . . . . . . x\.,xI . . . . % .,....,, -~,,~*“~..~...,. ..,..,. ~s...&.,“.,,.~< . . . . . 

1 l/l 7/98 Trichloroethylene 
5/l S/99 Trichloroethylene 

I 
4 
I 7121 

I -~~-~~ 

B/O0 I Trichloroethylene I 4g! I 
1 O/26/00 Trichloroethylene 58 
1/25/O 1 Trichloroethylene 66 
4/6/O 1 Trichloroethylene 60 
7/16/O 1 Trichloroethylene 75 J 
1 l/l 7198 cis- 1,2-Dichloroethylene 40 
5/l 8199 cis- 1,2-Dichloroethylene 53 
7/28/00 cis-1,2-Dichloroethylene 54 
1 O/26/00 cis- 1,2-Dichloroethylene 63 
1/25/O 1 cis-1,2-Dichloroethylene 75 
4/6/O 1 cis- 1,2-Dichloroethylene 64 

7/16/O 1 cis- 1,2-Dichloroethylene 70 

1 l/l 7198 Vinvl chloride 5J 
5/l 8199 I Vinyl chloride 
7,281 ‘00 IVinvl chloride , , 

10/26/00 1 Vinyl chloride 
1,251 ‘01 IVinvl chloride I 
4kiIc)l IV&r1 chlnricla 

I ., -, -- . ---~ _ --^- -_ _-- I 

’ 7’1C/01 1 Vinyl chloride 71J I, I”, 

1 l/l 7/98 Benzene 
5/l S/99 Benzene 
7/28/OC ’ D ---,.-- 

6 
7 

I DtillfXllt; 

1 O/26/00 Benzene 
l/25/01 Benzene 10 
4,610 1 Benzene 8 
7/16/01 Benzene 9 

Notes: 
U-- non-detect 
D- analysis performed on diluted sample 
J- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ILocation 1 Date (Chemical I Concentration fu 

1 l/19/98 Trichloroethylene 5 
1 l/19/98 Trichloroethylene 8 
5/l S/99 Trichloroethylene 
7/28/00 Trichloroethvlene 

0.5 
5 

1 1 O/26/00 ITrichloroethvlene 5 
l/25/01 Trichloroethylene 5 
4/6/O 1 Trichloroethylene 5 

1 l/l 9/98 cis- 1.2-Dichloroethvlene 5 
1 l/l 9/98 cis- 1,2-Dichloroethylene 29 
5/l 8/99 cis-l-2-Dichloroethvlene 0.5 
7/28/00 cis- 1,2-Dichloroethylene 5 
1 O/26/00 cis- 1,2-Dichloroethylene 5 
l/25/01 cis-1.2-Dichloroethvlene 5 ’ _I 

4/6/01 cis- 1,2-Dichloroethylene 5 
1 l/l 7/98 Vinyl chloride 5 
5/l 8/99 Vinyl chloride 4.3 
7/28/00 Vinyl chloride 6 
1 O/26/00 Vinyl chloride 6 
1/25/O 1 Vinvl chloride 9 
4/6/O 1 Vinyl chloride 7 
7/l 6/O 1 Vinyl chloride 7 
1 l/19/98 Benzene 1 
5/l 8/99 Benzene 0.5 
7/28/00 Benzene 5 
1 O/26/00 Benzene 5 
l/25/01 Benzene 5 
4/6/O 1 Benzene 5 

U -- 
U -- 
U 
U -- 
U 

-- 
U -- 
U 
U -- 
U 
1J 
J -- 

-- 
J -- 
U 
U -- 
U 
U -- 
U 
U 

Notes: 
U-- non-detect 
D-- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

10/25/00 

10/25/00 

Trichloroethylene 

cis-1,2-Dichloroethylene 

l/25/01 Trichloroethylene 

1/25/O 1 cis- 1,2-Dichloroethylene 

5/l 8/99 cis- 1,2-Dichloroethylene 
7/28/00 

4/6/O 1 

cis- 1,2-Dichloroethylene 

cis- 1.2-Dichloroethvlene 

1200 D 

- 1300 

- 

D 
- 920 

540 D 
- 

810 

680 

D 

D 

- 

1 7/16/01 cis-1,2-Dichloroethylene 540 
Vinyl chloride 29 - 
Vinvl chloride 39 - 
Vinyl chloride 
Vinyl chloride 
Vinvl chloride 
Vinyl chloride 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Benzene 

37 
24 - 
34 

8.5 - 
8 - 
8 
8 - 
7 
8 - 

Notes: 
U-- non-detect 
D- analysis performed on diluted sample 
J-- estimated value 



TABLE 5-l 
HISTORICAL DATA 

NATURAL ATTENUATION EVALUATION 
OU 21, SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Location I Date I Chemical IConcentration (u 

5/l 8/99 Trichloroethylene 1 -- 
7/26/00 Trichloroethvlene 5 U 
1/24/O 1 Trichloroethylene 
4/5/o 1 Trichloroethvlene 

5 
5 

7/l 3/O 1 Trichloroethylene 5 

5/l 8/99 cis- 1,2-Dichloroethylene 2.5 
7/26/00 cis- l-2-Dichloroethvlene 5 

I~- I -I- I 

1/24/O 1 1 cis- 1.2-Dichloroethvlene I 5 
4/5/o 1 cis- 1,2-Dichloroethylene 5 
7/l 3/O 1 cis- 1,2-Dichloroethylene 5 

5/ 18/99 Vinvl chloride 0.5 
7/26/00 Vinyl chloride 2 
1/24/O 1 Vinvl chloride 2 
4/5/01 Vinyl chloride 2 

7/l 3/O 1 Vinyl chloride 2 

5/l 8/99 Benzene 0.5 
7/26/00 Benzene 5 
l/24/0 1 Benzene 5 
4/5/o 1 Benzene 5 

1 7/13/01 (Benzene I 5 

U -- 
U -- 
U 

-- 
J -- 
U 

-- 
J -- 
U 
U -- 
U 
U -- 
U -- 
U -- 
U -- 
U -- 
U -- 
U 

Notes: 
U- non-detect 
D-- analysis performed on diluted sample 
J- estimated value 



TABLE 5-2 
WEIGHTING FOR PRELIMINARY SCREENING 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-130 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Potential* (Redox) Reductive pathway likely 

Value 

ions 3 
-3 
2 
3 
2 
0 
3 
1 
2 

PH* 

TOC 

Temperature* 

Alkalinity 

Chloride* 
BTEX* 

5<pH<9 Optimum range for reductive pathway 
5>pH>9 Outside optimal range for reductive pathway 
>20 mg/L Carbon and energy source; drives dechlorination; can be natural or 

anthropogenic 

>20° c At T>20° C biochemical process is accelerated 
>2x background Results from interaction of carbon dioxide with aquifer minerals 

>2x background Daughter product of organic chlorine 
>O.l m&L Carbon and enerw source: drives dechlorination. 

PCE* 
TCE* 

DCE* 

vc* 

Material released 0 
Material released 0 
Daughter product of PCE 2” 
Material released 0 
Daughter product of TCE 2” 
If cis greater than 80% of total DCE it is likely a daughter product of 
Material released 0 
Daughter product of DCE 2* 

Ethene/Ethane >O.Ol mg/L Daughter product of VC/ethene 2 
>O.l mg/L 3 

Chloroethane* Daughter product of VC under reducing conditions 2 
l-1.1-Trichloroethane* Material released 0 
1,2dichlorobenzene* 
1,3dichlorobenzene* 
1,4dichlorobenzene* 
chlorobenzene* 

l,l-DCE* 

Material released 0 
Material released 0 
Material released 
Material released or daughter product of dichlorobenzene 

Daughter product of TCE or chemical reaction of 1,1,1 -TCA i 

0 

2a’ 

2a/ 
* Required analysis 

a/ Points awarded if it can be shown that the compound is a daughter product (I.e. not a constituent of the source NAPL). 

Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater, 1996. 



TABLE 5-3 

REDOX CONDITIONS, BACKGROUND WELLS 

NATURAL ATTENUATION EVALUATION --CT0 0130 

SITE 73, MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, usi D only. 
p.g/L micrograms per Liter (ppb) 
mg/L milligrams per Liter (ppm) 
(note) IS average calculated from ISOI, IS15, and IS16 



Well ID 

TABLE 5-3 
REDOX CONDITIONS, BACKGROUND WELLS 

NATURAL ATTENUATION EVALUATION --CT0 0130 
SITE 73, MCB CAMP LEJEUNE, NORTH CAROLINA 

Oxygen (mg/L) 0.05 3 0.45 3 
Nitrate (mg/L) ND 2 ND 2 0.061 2 INDI 2 10.061 2 IND I 2 INDI 2 0.02 

Iron (II) (ma) 0.04 0 0.41 0 0.181 0 1 0.59 1 0 1 0.87 1 0 1 0.97 1 0 1 0.12 1 0 0.46 

Sulfate (mg/L) 3.3 2 ND 2 ND/ 2 IND~ 2 IND] 2 [ND] 2 1~~1: 2 0.47 

Methane (mg/L) 0.072 0 0.038 0 ND/ 3 1 ND 1 3 1 0.14 1 0 1 0.15 1 0 1 0.1 1 0 1 0.071 

IRedox (millivolts) 1 55.91 0 1 -901 1 1 NAI 0 1 -112.6 1 2 1 -75.3 1 -89 1 -292 2 -100.50 

7.32 0 7.6 0 7.8 0 7.56 

TOC (mg/L) NA 0 1 0 5 0 7 0 3 0 22 2 3 0 6.83 

Temperature (“C) 21.3 1 21 1 19.2 0 17.8 0 17 0 17 0 18.3 0 18.80 
Alkalinity (mg/L CaC4) 146 0 176 0 158 0 166 0 26 0 151 0 129 0 136.00 

Chloride (mg/L) 24.2 0 8.8 0 10 0 10 0 20 0 10 0 13 0 13.71 

Total CVOCdNA Score 8 9 7 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, use D only. 
pg/L micrograms per Liter (ppb) 
mg/L milligrams per Liter (ppm) 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

IWell ID I IR73-IS0 1 I IR73-IS01 1 IR73-IS02 ! IR73-IS02 IR73-IS03 I 
ISample ID 1 IR73-ISO1-03 1 IR73-IS01-05 IR73-!-;2-04 1 i IR73-ISO2-06 

12-16’ 

l.lSl 3 I 9.151 3 I 2.581 3 1 3.741 3 7.5 3 _.__ - 
dinI 7-u n ” I 151 .< 2 0 2 31 0 29 0 

I on671 -.“-- 0 4 3 - I 0.741 _.. , 3 5 3 1.4 3 
-1711 2 1 -177.61 2 -187.6 2 -156.8 2 -191.4 2 

I <X&l n “.__ ” I 5hhl n _._” - 5.77 _.. 0 
0 

4.88 -2 5.43 0 
9.8 0 NA 0 NA NA 0 NA 0 

22.9 1 23 1 23.6 1 19.9 0 23.1 I 
69.2 1 28.1 0 81.6 1 15.8 0 61.2 1 

15 i.61 0 1 10.3) 0 1 6.71 0 1 6.31 0 1 151 0 
I n I I - I n I I 0 I I 0 I I 0 

NDI 
I I - 

I ND1 ND ND I 3 JI 
Nl-ll ND ND ND1 

A XIT-. 

Iron (II) (mg/L) 
Sulfate (mg/L) 
Methane (mg/L) 
Redox 

PH 
TOC* (mg/L) 
Temperature (“C) 
Alkalinity (mg/L) (BKGD 24) 
Chloride* (mg/L) (BKGD 24) 
BTEX (q/L) 

Renzene** 

Toluene 
Ethylbenzene 
Xvlene 

ND I ..I 
ND I ND1 
ND 

‘ IY” 

ND 1 ND 
,I 1 ND 0 ND 0 ND 0 , 
IDI 0 ND 0 1J 0 6 0 1 101 0 
ml ND Nn 8 1 (total) 351 

t 
__ 

ND/ 0 1 PCE b&) 
TCE (ug/L) 

I ~ni n 

A 
h, 
ND 0 
ND 0 
Nn 0 
A 
h-, _ 
ND1 0 

‘.Y Y  ..- ” - .- 

.- I ND 0 ND 0 ND 0 . 
ID] 0 ND 0 ND 0 ND 0 
ml n ND 0 ND 0 ND 0 

ND 0 ND 0 ND 0 
14 17 13 

0 452 “- 2 
n I ml n ND 0 

ND 0 
ND 0 
ND 0 

cis-1,ZDCE @g/L) 
tram-1,2-DCE (Q/L) 

vc km 
Ethene (mg/L) 
Ethane (mg/L) 
Chloroethane (ug/L) 
1, I-DCE (ug/L) 

I 9 Total Score 

NOTES: 
ND = Not detected above method detection level 

NA = Not analyzed as part ofthe analytical program 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

Well ID I IR73-IS03 I IR73-IS03 I IR73-IS04 I IR73-ISO+ I IR73-IS04 
Sample ID 1 IR73-ISO3-06 1 IR73-IS03-08 1 IR73-ISO4-04 1 IR73-ISO4-06 1 IR73-ISO4-08 

- - - - .  , - - ,  

Sulfate (m&L\ 
. . “ _  -  - . - ,  .  

I 321 01 : 

IAlkalinitv (rncr/L) lBKGD 241 I 125.21 1 1 81 0 1 2621 1 I 1131 1 I 27.81 0 1 
Chloride; im>Lj (BKGD 24j I 15.61 0 1 8.11 0 1 65.61 2 1 7.4) 0 1 111 0 
BTEX &x/L‘) I 0 I I 0 I I 0 I I 0 I I 0 

Benzene** 
Toluene 
Ethylbenzene 
Xylene 

PCE @d/L) 
TCE luell.1 

35 ND 16 11 ND 
ND ND ND ND ND 
ND ND ND ND ND 
ND . I- .,- ND ND 
ND 0 ND 0 ND 0 

14 n 8 n 4R n 

NOTES: 

ND = Not detected above method detection level 

NA = Not analyzed as pat of the analytical program 

I= Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMJNARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

chlorobenzene (ug/L) ND1 0 ND1 0 ND1 0 ND1 0 ND1 0 
l,l-DCE (ug/L) ND1 0 ND1 0 ND] 0 ND1 0 ND] 0 

Total Score 15 11 18 15 18 
NOTES: 

ND = Not detected above method detection level 

NA = Not analyzed as part of the analytical program 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

-16 4-8’ 8-12’ 6-10 10-14’ 
I 

$xen (mg/L) 
Nitrate (mg/L) 
Iron (II) (mg/L) 
n .r. , 

cis-1,2-DCE @g/L) 
trans-1,ZDCE (ug/L) 
vc @km 
E+.ne Cmn/T \ 

” , ” , _.- _ 191 0 

ND I ND1 
I”“’ 

(Total) 451 I 13 

ND 0 
ND 0 
ND l-l 

--et n Ethmr.z ~,uy b, l.U ” 
Chloroethane @g/L) ND 0 
1 , 1 , 1-trichloroethane (ug/L) ND 0 
1 3 Ai,4.lm.A.~“?~n~ NA fl 
I,~-“,“‘,,“L”““IYvI.v 

1,3-dichlorobenzene 
l,Cdichl?robenzene 
chlorobenzene (ug/L) 
l,l-DCE (q/L) 
Total Score 

ND 
--I ND 

NOTES: 
ND = Not detected above method detection level 

NA = Not analyzed as pat of the analytical program 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

NOTES: 

ND = Not detected above method detection level 

NA = Not analyzed as part of the analytical p~ogam 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

Page 6 is found on third worksheet 

NOTES, 
ND = Not detected above method detection level 

NA = Not analyzed 8s part of the analytical program 

J = Estimated concentration. 
D = Result determined on diluted sample 



NOTES: 

TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

Slh I lR73JS16 

Parameter 

(hwml cm on .j 

h LUYL” \‘L.&JY, 
Irnn (II\ (molI .I ._I. \--, ,... pl -, 

s Mfate (mg/L) 
h Aethm.= ImolT \ I”UIIy.” \“‘W Y, 

padox _---._ 
1 IH 
1 ‘OC* (mg/L) 
1 . I-1 emperamre (0~) 
Alkalinity (mg/L) (BKGD 24) 
Chloride* (mg/L) (BKGD 24) 
BTEX (q/L) 

I Score 1 1 Score 

0.221 3 I 0.341 3 

I I.& 
I 10 : _-. L 3 I.JL 3 

I 73 0 4.8 2 

I nn41 _.” 0 0.033 0 
I -190.1 ---3 2 -104.3 2 

NA 0 6.02 0 
8.1 0 2 0 
NA 0 29.7 1 
8.4 0 10.8 0 
481 0 1 241 0 

TD-72.1s 17 I TR77~1917 I TR7-L1 Sl R 
11.1 a-I”1 I Il\,d-IYI I *-.,- A-A- 

IR73-IS17-04-998 IR73-IS17-07-99B IR73-IS&04-99B 
5-9’ 11-14’ 4-8 

5il7lW 5/l 7199 

2.621 3 1 4.61 3 1 19.321 3 
3 I 141 2 I 121 2 

” -_ 

I 0 I 1 0 1 1 0 

ND1 I ND1 I ND 
0.771 0 I ND1 0 1 ND 0 
ND1 0 1 ND1 I-I 1 I - I 0.56 0 
ND1 I ND1 ND 
ND 0 ND 0 ND 0 
ND 0 ND 0 ND 0 
ND 0 ND 0 ND 0 

0 ND 0 ND\ 0 1 ND I 
ND1 0 I ND1 0 1 
ND1 0 1 ND1 0 1 -d+- 
NAI 0 I NAt 0 I 

_.- _ 
^._ NA 0 
NAI 0 1 NAI 0 I NA 0 
NA 0 NA 0 1 NA 0 - 1 
. _- _*- 
NV 

0 
1 NV 0 .*- IUIJ 0 - ._- NV1  ̂0 1 . .- 

NV1 0 ND 0 

ND = Not detected above method detection level 

NA = Not analyzed as pat of the analytical program 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

Pages 8 through 11 are found on first worksheet 

NOTES: 

ND = Not detected above method detection level 

NA = Not analyzed as part of the analytical program 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-4 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING, HYDROPUNCH SAMPLES ONLY 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE CAMP LEJEUENE, NORTH CAROLINA 

Hydropunch Summnry 

INitrate (mg!L) 
IIron (11) (mp/L) 

0.069 
Oi 19.321 4.750 

Sulfate (mg/L) I 01 1501 
Methane (rng/Lj 01 181 

I -339.61 141 -123.417 
4.881 8.241 6.424 

ITOC* (mgk) 01 741 12.3201 

I Benzene** 0 
Toluene 0 
Ethylbenzene 0 

tram-1,ZDCE @g/L) I 01 191 1.215 
vc (w/L) 01 XII 1 691 

Ethene (mg/L) 0 20 0.635 
Ethane (mg/L) 0 0.0012 0.000 
Chloroethane (ug/L) 0 0 0 
1 , 1 , 1-trichloroethane (q/L) I 01 01 0 
1.2-dichlorobenzene 01 01 n 

1,3-dichlorobenzene 0 0 0 
1,4-dichlorobenzene 0 0 0 
chlorobenzene (up/L) 0 0.265 0.005 

l,l-DCE (ug/L) - ’ 
I 

I 01 01 

NOTES: 

ND = Not detected above method detection level 

NA = Not analyzed as part of the analytical program 

J = Estimated concentration. 

D = Result determined on diluted sample 



TABLE 5-5 
LIPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 13 

MCB CAMP LEJEUNE, NORTH CAROLINA 

GEOCHEMICAL I I I 

Total BTEX (mg/L) 
BetlZtl.5 
TOltMtt? 

Ethylbenzene 
Xylem 

I 

0.02392 0 0.023 0 0.024 0 0.023 0 0.019 0 I 
0.02 0.023 0.024 0.023 0.019 0.019 0.024 0.022 

0.0021 ND ND ND ND 0.000 0.002 0.000 

0.00052 ND ND 
0.0013 N 

cvocs 
PCE olg/L) P ND 0 

TCE &IL) P ND 0 
cis-1,2-DCE &@L) D 8.3 2 
trans-1,2-DCE (&L) 0.22 
l,I-DCE olpn) ND 0 ND 0 ND 0 ND 0 ND 0 0.00 0.00 0.00 

vc CjtgL) D 38 2 56 2 64 2 48 2 39 2 38.00 64.00 49.00 

Ethene (q/L) 0.0013 0 0.005 0 ND 0 ND 0 ND 0 0.000 0.005 0.002 

Ethane (m&) 0.00084 1 0 NIlI 0 ND\ 0 ND1 0 ND1 0 o.oQo 1 0.001 ( 0.000 

Chloroethane &Z) 1 D ND1 0 ND1 0 ND] 0 ND1 0 IiD1 0 0.00 1 0.00 1 0.00 

Total CVOCs/NA Score 46.52 21 73.01 20 88.00 19 64.00 18 53.00 19 

ND = non-detect 
NA = not analyzed 
* Not included as B scoring parameter 

m AFCEE protocol 
** If chemical was present as parent and daughter 

use D only 
ML micrograms per Liter ijpb) 
mg/Lmilligrams perLiter@pm) 



TABLE 5-5 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter 

in AFCEE protocol 
‘. If chemical was present as parent and daughter 

use D only 
p&g/L micrograms per Liter (ppb) 
mg/L miUigmms per Liter @pm) 



TABLE 5-5 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU Il--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter 

in AFCEE protocol 
** Ifchemical was present as parent and daughter 

use D only 
pg/L micrograms per Liter @pb) 
mg/L mi!ligrams per Liter @pm) 







TABLE 5-5 
WPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 214ITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

TOC (m@L.) NA 0 NA 0 NA 0 NA 0 17 0 NA 0 17.00 17.00 1 17.c 
Temperature (‘k) 20.5 1 24.9 1 20.2 1 11 0 13.4 0 24.1 1 11.00 24.90 1 19.1 
Alkalinity (mg/L CaCOJ 526 I 540 1 440 1 523 1 410 1 392 1 392.00 54 

Total BTEX (m&) 1 0.005 1 0 0 0 0 I 0 0 I 
Bf%?Ell~ I 0.005 I 1 ND 1 1 ND 1 1 ND 1 

! I _- 

1 ND 1 1 0.00 1 3 .“” “.-- 
) ND 0 ND 0 0.00 0.00 0.00 
) ND 0 ND 0 0.00 0.00 0.00 
1 ND 0 ND 0 0.000 o.oQo 0.000 

1 0.017 ) 2 0.016 2 o.ooa 0.017 0.013 
Chloroethane @g/L) ND 0 0.00 0.00 0.00 
Total CVOWNA Score 1 0.02 21 1 0.01 16 1 3.00 17 I 0.02 16 1 0.02 19 0.02 17 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter 

in AFCEE protocol 
** If chemical was present as parent and daughter 

use D only 
pg/L micrograms per Liter @pb) 
mg/L millignms per Liter @pm) 



TABLE 5-5 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LJZJJWNE, NORTH CAROLINA 

15.00 28.00 23.50 
0.00 0.00 0.00 

0 0 1 M) 1 0 1 I’JD I 0 I 0.00 1 O.O” 1 O.O” 
1 73.00 12 1 75.00 13 1 57.00 13 1 57.00 15 1 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring &kmtneter 

in AFCEE protocol 
** Ifchemical was present as parent and daughter 

use D only 
p@L micrograms per Liter @pb) 
mg/L milligrams per Liter @pm) 



TABLE 5-5 
UPPER SURFICIAL AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEXUNE, NORTH CAROLINA 

ND = non-detect 

NA = not analyzed 

’ Not included as a scoring parameter 

in AFCEE protocol 

** Ifchemical was present as parent and daughter 

use D only 

@L micrograms per Liter @pb) 

mg/L milligrams per Liter @pm) 





TABLE 5-G 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCEE Protocol 
l * If chemical was present as parent and daughter, use D only. 
(I) April 2001 parameters used for background 

. ..’ ::., Indicates redox meter may have been faulty 
up/L micrograms per Liter (ppb) 
mgiL milligrams per Liter (ppm) 





TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE. NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCXE Protocol 
** Ifchemical was present 89 parent and daughter, use D only. 
(1) April 2001 parameters used for backgound 

.,. ..,; Indicates redox meter may have been faulty 
ugL micrograms per Liter (ppb) 
m& milligrams per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 214ITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
l Not included as a scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, use D only. 
(1) April 2001 parameters wed for background 

Indicates redox meter may have been faulty 
ug/L micrograms per Liter (ppb) 
m& milligrams per Liter (ppm) 





TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LWEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCEE Protocol 
*’ If chemical was present as parent and daughter, use D only. 
(1) April 2001 parameters used for background 

Indicates redox meter may have been faulty 
ug& micrograms per Liter (ppb) 
mg/L milligrams per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

-.- ND1; , 

1 

& , , , “.” 

I 

; 

I 

“& 

I 
; 

ND 
; ;:;;;; ;:;; ;;‘(!‘$ 

IA,? i 0 fi C,A? I Cl I ,371 I ,-, 0.01 0 0.00 0.73 0.32 
ND 2 0.00 2.00 0.33 

“.< , , ” , “_T” ( ” , “..,Y , v 0.33 0 0.180 0.460 0.335 
~II-KIXO I -7 1 -95.1 1 1 1 -86.7 1 1 -90.5 1 -106.90 -64.60 -88.76 

I ‘)?L I n I 7cc 1 s-3 n 
I ..- 

I 1.69 6 7.6 
# 

0 
-.““., e 

7.74 0 , I .e” 
I 

” , ,_“_I , ” 
K! tmg5) 1.7 0 NA 0 NA 0 I x7.4 n I ?.Th I n 

mum (“C) 29.1 1 21.1 1 18.6 0 
~Cbloride lity Ime/l.l (*g/L CaCOJ 170.4 0 159 0 50 0 , 1.2, , I”> , 

IA n n 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCEE Protocol 
l * Ifchemical was present as parent and daughter, use D only. 
(1) April 2001 parameters used for background 

Indicates redox meter may have been faulty 
u& micrograms per Liter (ppb) 
mgR milligrams per Liter (ppm) 





TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMI’ LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
” Not included as a scoring paameter in AFCEE Protocol 
** If chemical was present as parent and daughter, we D only. 
(1) April 2001 parameters used for background 

Indicates redox meter may have been faulty 
ug’~ micrograms per Liter (ppb) 
*g/L milligrams per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAh4P LEJEUNE, NORTH CAROLINA 

millivolts) I 9.591 1 1 NA ( 0 
1 7.541 0 1 7.48 1 0 

ND = non-detect 
NA = not analyzed 
* Not included as a scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, use D only 
(1) April 2001 parameters wed for background 

Indicates redox meter may have been faulty 
&I. &ograms per Liter @pb) 
*g/I. milligrams per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
*Not included as B scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, use D only. 
(1) April 2001 parameters used for background 

‘. Indicates redox meter may have been faulty 
u@L micrograms per Liter (ppb) 
mg/L milligmms per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Oxygen (mgiL) I I 0.61 0 0 1 0.60 1 0.60 1 0.60 1 O.“, , ,*ti , . , 
Nitrate (mg’L) ND1 

, 
2 I ND I 2 1 0.00 1 0.M) 1 0.00 1 ND1 ; ; 0.00 0.00 000 

frnn ,“\ Imn/T \ I I 
[ND] 1 1 

5 no, 9 I 
1 

nno I n I ArIO I I All I AC0 I .?I”, 1 I **a I 3 I 171 I 714 I 101 
-.,.. \‘, \... wy, 

Sulfate (mgk) 
Methane (III&) 
Redox (millivolts) 
pH 
TGC (mglr ’ 

LYI, _I , Y.VO , ; , “.“O , I.“7 , “.,7 , L.14, , 1.1, 
, , . . -.. .‘_- 19.91 2 I 4 I I 409 1 19.90 1 11.95 

NA[ 
1 391 

; 
1 36 1 0 1 36.00 1 39.00 I 37.50 I 

0 I n4fin I n46n I NAl 0 1 ?I 1 3 1 3.1 

7.361 0 
c,,cI - 

0.46 0 0.460 , __ __ , _. ___ , _...I -._ 00 3 100 3.100 
-80.91 I -338 2 -338.00 1 -80.90 1 -209.45 1 -62.91 i 1. ,. r312 1 2 1 -312.00 -62 90 -187.45 

7.58 0 1.36 1 7 SR I 7 4-l I 6791 n I 704 1 0 1 6.78 7.09 6.94 
\,A A en <A ..-, ” , .,‘. 00 0.00 0.00 

^^ _^ -. .7 20.85 . ___ _^ . Z(T) 

27.2 

; 
,-+A , ” ,Y.,” 2Y.J” ,Y.,’ 

20.5 22 1 1 20.50 22.00 21.2. 

khloride alinity (meiLl (mglL C&Q) ‘)IIfY 224 0 3 135 2l-l 1 I 0 3 135.00 3*m 224.00 wlnn 179.5 ,021 

5 20.6 I 21.1 L”.W il.lU 
80 421 I 294 294.00 421 .OU 3>/.>” 

. ’ -I.- _ , _I” , ” , e.d.L.., , _I”..,” , ,,A 57 2 54 2 54.00 57.00 55.50 
vocs I I I I I I I I 
Total BTEX (mgR) I 0.001 I 0 I 0 I 0 I 0.012 0 0.013 0 

BeIIZSIle ND ND 0.000 0.000 0.040 0.01 0.013 I 1 u.010 0.013 1 0.012 

TOlUeIle 
( 

0.001 ND 0.000 0.001 0.000 0.002 ND 1 
Ethylbenzene 

1 0.000 1 0.002 ’ 0.001 
ND ND 0.000 O.OOQ O.ooO ND ND 1 0.000 0.000 0.000 

Xylene ND ND 0.000 0.0430 0.000 ND ND 0.000 0.000 0.000 
cvocs I 1 1 , 1 I 

,YE (w.) P ND 0 ND 0 0.00 1 0.00 1 0.00 1 NDI 0 I ND 0 0.00 0.00 0.00 
m..-, “\ .- c, M , I n ITMrm 4fm nn 

ND = non-detect 
NA = not analyzed 
*Not included as a scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, use D only. 
(I ) April 2001 parameters used for background 

Indicates redox meter may have been faulty 
ug5 micrograms per Liter (ppb) 
mg& milligrams per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ND = non-detect 
NA = not analyzed 
* Not included a~ a scoring parameter in AFCEE Protocol 
** Ifchemical was present as parent and daughter, use D only. 
(1) April 2001 parameters used for background 

Indicates redox meter may have bzen faulty 
ug/L micrograms per Liter (ppbf 
mglL milligrams per Liter (ppm) 



TABLE 5-6 
CASTLE HAYNE AQUIFER 

PRELIMINARY NATURAL ATTENUATION SCORING 
OU 21--SITE 73 

MCB CAMP LJZJEUNE. NORTH CAROLINA 

Ethene (me/t) 0.000 1 0.009 1 0.000 
Ethane (mg/L) 
chloroethme (ug5) 

0.000~ 0.006 1 0.000 
II 0.00 ) 0.001 0.06 

Total CVOC@@L)/NA Score 

ND = non-detect 
NA = not analyzed 
*Not included as a scoring parameter in AFCEE Protocol 
** If chemical was present as parent and daughter, use D only. 
(I) April 2001 parameters used for background 

.’ ..,‘. Indicates redox meter may have been faulty 
IX& micrograms per Liter (ppb) 
m& milligrams per Liter (ppm) 



TABLE 5-7 
CALIBRATED VS. CALCULATED HALF-LIVES AND DEGRADATION RATE CONSTANTS 

PRELIMINARY NATURAL ATTENUATION EVALUATION 
OU 21--SITE 73 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Aquifer Contaminant Retardation Factor 
(dimension-less) 

Calibrated (with BIOCHLOR) CaIIbmted (with BIOCHLOR) Calculated (with B & A) Calculated (with B & A) 
Degmdation Mean Half-life Degradation Mean Half-life 

Rate Constant No Dispersion Rate Constant No Dispersion 
No Dispersion No Dispersion 

(l/yr) (years) (l&r) (years) 

PATH A PATH B PATH C PATH A PATH B PATH C PATH A PATH B PATH C PATH A PATH B PATH C 

ZONE 1 ZONE 1 ZONE 1 ZONE 1 
Upper TCE 7.3 1.73 2.31 2.31 0.4 0.3 0.3 0.274 0.166 -- 2.53 4.16 __ 

Surticial DCE 3.4 0.46 0.58 0.58 1.5 1.2 1.2 0.13 0.241 0.461 5.31 2.88 1.5 
vc 2.4 0.14 0.87 0.87 5 0.8 0.8 0.293 0.492 0.488 2.36 1.41 1.42 

ZONE 2 ZONE 2 ZONE 2 ZONE 2 
TCE 7.3 __ 6.3 6.3 __ 0.11 0.11 _- -_ __ -_ -_ -- 
DCE 3.4 __ 5.78 5.78 __ 0.12 0.12 __ _- -_ -- -_ -- 
vc 2.4 __ 5.33 5.33 __ 0.13 0.13 -_ -_ -_ __ -- __ 

Castle Hayne TCE 7.3 0.87 0.99 -- 0.8 0.7 -_ 0.115 0.124 -- 6.04 5.6 __ 

Higher K value) DCE 3.4 1.93 1.39 __ 0.36 0.5 0.198 0.177 -- 3.5 3.91 __ 
vc 2.4 17.33 17.33 __ 0.04 0.04 __ 0.128 0.194 -- 5.42 3.57 __ 

Castle Hayne TCE 7.3 0 0 __ 1000 1000 -- 0.018 0.02 -- 37.57 34.8 __ 
Lower K value) DCE 3.4 0 0 .* 1001 1001 __ 0.032 0.028 -- 21.77 24.3 -_ 

vc 2.4 0 0 __ 1002 1002 -- 0.021 0.031 -- 33.75 22.2 __ 

B & A--Buschek and Alcantar 
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FIGURE l-l 
LOCATION MAP 

SITE 73 - AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
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FIGURE l-2 
SITE MAP 

SITE 73 - AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 
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FIGURE 3-1 

GEOLOGIC AND HYDROGEOLOGIC UNITS OF 

NORTH CAROLINA’S COASTAL PLAIN 

Notes: 

(I) Geologic and hydrologic units probably not present beneath MCB Camp Lejeune. 
12) Constitutes part of the surficial aquifer and Castle Hayne confining unit in the study area. 
0) Estimated to be confined to deposits of Paleocene age in the study area. 

Source: Hamcd et al., 1989. 

System 

Quaternary 

Tertiary 

Geologic Units Hydrogeologic Units 

Series Formation Aquifer and Confining Unit 

Holocene/Pleistocene Undifferentiated Surficial aquifer 

Pliocene Yorktown Formation(‘) Yorktown confming unit 

Miocene 
Eastover Formation(‘) 

Yorktown Aquifer 

p 
Pungo River Formation(‘) 

Pungo River confining unit 

Pungo River Aquifer 

Belgrade Formation@ Castle Hayne confining unit 

Oligocene River Bend Formation Castle Hayne Aquifer 
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Paleocene Beaufort Formation Beaufort Aquifer 

Upper Cretaceous Peedee Formation 
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Formations 

Peedee confining unit 
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Black Creek confming unit 

Black Creek Aquifer 

Cretaceous Cape Fear Formation Upper Cape Fear confining unit 

Upper Cape Fear Aquife:r 

Lower Cretaceous(‘) Unnamed deposits(‘) 

Lower Cape Fear confining unit 

Lower Cape Fear Aquifer 

Lower Cretaceous confining unit 

Lower Cretaceous Aquife6’) 

Pre-Cretaceous basement rocks I 
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FEET 

LEGEND 
TCE Concentrotlon 
<UQ/L) 

- Ethene 
Concentration 

NOlE MAXIMUM CONCENlMTlON 

RE: 

TCE and Degradation Products In Upper Surficial Unit, 1998-2001 
ou21 - Site 73, Amphibious Vehicle Maintenance Area, MCB Camp Lejeune, NC 
Natural Attenuation Evaluation Report, CTO-0130 

DWN: DES: PRaECT Y(1: 
CLH CLH 

ow: m CT0 130 
DSF “OUR!2 ND2 

DAlEz REV.: 
12/28/01 3 4-2 



‘lN3w33aflr 31301033 aNV S3ld13Nkld 3Nl2i33N13N3 110s a31d333V 

VNllOW3 HltfON NO a3SVEJ a32VWliS3 38V S3NkiOEi N33M138 a3lVlOdhl31NI SNOIlIaN03 

3NfElf31 dWV3 ‘3’98 Sdtl03 3NkR’W 
33V3WlSBnS ‘SNOIlV30-l 3NklO8 3hllXJdS3tl 3Hl IV SNOlllON03 33Vzi8nSBiX 

JO 3hllVlN3S3tld3ki 38 01 a383alsN03 SI N01l~w803~1 3Nlt108 110s 3Hl 13h31 kl31VMaNn083 f 

‘JJ SI = ym~ 1 :alws lasglah 
a31oN 3SIMki3HlO SS3lNI-I ‘1SW NOllVh313 ‘a31VNIW831 3Nlt108 .6’P- ‘1’8 

LOOZ - 8661 
OELO - 013 ‘NOllVnlVh3 NOIlVnN311V 1VtlnlVN 

lVhtf3lNI N33K.X 113M 
mm B 

I I 
Allll3Vzl 33NVN31NIVW 313lH3h SnOlBIHdWV ‘EL 311s OE SL 0 

13VlN03 lVNOIlVaV~3 

<V-V NOll33S-SSOkl3 313010330kJ0AH ‘331 
S’L SI 

13VlN03 a3133rOtJd - - - 

E-v 3m3i.4 
‘-JJ 001 = qou! 1 :aIeos I’ZJUOZ!.IOH 

13VlN03 a31vwtls3 ___ 
mm 

ooz OOL OS 0 001 
ON3331 

-~~(O~UXIJUOJ!AU~ Jay08 

m 

-08- 

- os- 

uma,q ‘J\!S am,\ 
umoq ‘j&5 azm.q 

~pauloJ6 a”!, riJaA ‘(j&&/S 

-5-- 

Z LMW-EL 
MQGPMW-EL 

LP-v 3boaiinfl 

aNnow N3HlklV3 
33vMx aNnotl3 

IN96sOT~\aou\po3\s~!rldoJ6\asoqdZlr\0LtZg\:~ 



VNllOtJV3 H&ION 
3NnX3-l dWV3 ‘3SV’8 Sd803 3NltlVw 

LOOZ - 8661 
OC 10 - 013 ‘NOIlVnlVh3 NOIlVnN311V 1VklnlVN 

~llll3V’j 33NVN31NIVW 313lH3A Sn018lHdWV ‘EL 311s 
‘V-V NOl133S-SSOt13 313010330kl0AH ‘330-2’1 SKI 

v-v 38rm 

08- 

s9- 

s- 

‘lN3W33anr 31301033 QNV S3ldl3Nltld 3Nl833Nl3N3 110s a31d333V 
NO a3SVEl a3lVWllS3 38V S3NDJOfl N33M138 a31VlOdkl31NI SNOlllaN03 

33VjtlnsBns ‘SNOIlV301 3Nl808 3Al133dSXi 3Hl IV SNOIlIaN03 33V,JtlnSfinS 
JO 3AllVlN3S38dXl 38 01 a3E!a1sN03 SI NOIlVWtJOjNI 3Nlt108 110s 3Hl 

.._ ‘pau!oA5 ala, ban ‘QNVS 

1 It-l 

13h31 ~31VMaNn083 f 
a310N 3SIM83HlO SS3lNn ‘1SW NOllVA313 ‘a31VNIW831 3NklOEl .6’P- ‘I’R 

lVAtl31NI N33t13S 113M B 
13VlN03 lVNOlLVaVU3 . 

13ViN03 a3133fOtld - - - 

13VlN03 a3ivwlls3 ___ 

aN333-l 

-MV'i/ LVV 

ii 

MCIGPMW-EL 
/P-V 3Niaiina 

33vj8ns atmom 

1S3Y1tloN 
\aNnow N3HltlV3 

6.P- ‘1.a 

Z LMW-EL 
aStrMw--EL 

lSV3HlnOS 

v 

08- 

s9- 

OS- 

” 
Fl 

j$ 

s? 

9 
Y 

T 
w 
c 

oz- 

s- 

01 



VNllOUV3 HlklON 
3Nfl3ff dWV’3 ‘3SV8 Sd803 3Nl8VW 

LOOZ - 8661 
0210 - 013 ‘NOIlV~lVA3 NOllVflN311V 1Vtlf’llVN 

Allll3Vj 33NVN31NIVW 313lH3A SnOlEllHdWV ‘EL 311s 
‘V-V NOl133S-SSOt13 313010330tKlAH ‘3QlklOlH3 1ANlh 

s-v 3tln31j 

08- 

s9- 

OS- 

s- 

‘lN3W33Clnr 31301033 CINV S3ld13Nltld 3Nl833Nl3N3 110s 03ld333V 
NO Cl3SVa 03lVWllS3 3W S3Nlt108 N33M138 03lVlOd~32NI SNOIlIClN03 

33vjmsans ‘SNOIlV301 fINIt 3Al133dS38 3Hl IV SNOIlION03 33vjmsans 
30 3hllVlN3S3~d3~ 38 01 CJ3tl30lSN03 SI NOIlVW8OjNI 3Nlt10a 110s 3Hl 

-+J ~1 = q3u! 1 :apxq px~-ra~ 

m- 

OE SL S’L 0 Sl 

‘JJ 001 = ym! 1 :alms ~‘eJUOZ!JOH 

mm 

ooz 001 OS 0 OOL 

Xcub qs!uc 
‘pau!cub au, 

Am6 ‘puos arm,l 

‘lI!S aIll! ‘AVl 
L.OI- ‘1.8 

_I E’Q- x‘a 

LP-v 3iwaima 

lS3MHltlON 
‘V 

laNnow N3HltlV3 

13A31 kl31VMQNl-l0~3 f 

Cl310N 3SIMt13HlO SS3lNn ‘1SW NOllVA313 ‘Cl3lVNIWki31 3Nltloa ,6’P- ‘1’8 

lVA832NI N33ti3S 113M B 
13VlN03 1VNOIiVCJVKI - 

13~1~03 a3133roud - - - 

13VlN03 a3lvwu3 ___ 

16 xop .mDJ, 

aA ‘ONVS AllIS 

6’P- ‘13 

MCIGPMW-EL 

33vjtlns atmom 

08- 

s9- 

OS- 

* 
F; 

2 

P 
s!?q 

m 
7 

I 
w 
5 

oz- 

s- 

.Ol 



I tT
 

I 
I 

z 
s 

E
LE

V
A

TI
O

N
 

{F
E

E
T,

 
M

L)
 

I 
I 

I, 
I 

I, 
( 

( 
, 

, 
( 

, 
%

 

I E
 

I ul
 

I,,
 

, 
, 

, 
, 

* 
( 

( 
, 

G
 I 



I I 

\ 
I \ i f’ / 
1 

,‘/
’ 



I 
I 

I 
E

LE
V

A
TI

O
N

 
fF

E
E

T,
 

M
S

L)
 

I 

I 
I 

I 
. 



I 

I 
W

 
i 

\ 
\ 

W
 

*3
 I 

I 

\ 

cn
 

f‘ 
\ 

D
 

1 
1 

’ 
L 

I I I I I I 

I I I I I I I 1 1 I I 



.3-O NOKEK-SSOXI XIOlO~~OXliH ‘330 - 2 ‘ 1 Sl3 
01-P 3u-m 

I.,\“AAI.l I.JcIY”* I KS”, Ll 
13VlN03 03233fOld - - 

13VlN03 03lVWllS3 - 

0’90 l- -1-a 

s9- 

OS- 

oz- 

s- 

01 

/ 
/ 

---- ---- / -- r -- 
/ 
I 

--- --- --- -t _--- 
I 
I 01 

I 

I 

\ 

\ S-6- ‘I 

-- -- 
-t 

--- -----_-- 

I 

I 

hp aooJ1 ‘Jl!S e(Jg( 01 sums 
‘pW!DJ6 DU!, ,fJW ‘ams 

/ 

/ 

_ 

33VSb-S CINIIOMO 

- 

(ON) 08- 

--&) 
B 

a 

L-9- 

(c?N) 

IL 

-- 

f 

s LMW-CL 
as LMW-EL 

- POMO-EL 
-MOZPMW-EWI 

lSV3HlkiON 

‘3 

lS3MHlnOS 

3 

s9- 

OS- 

F 
2 
3 
is 

SS-; 

s 

5 
5 

oz- 

S- 

OL 



'lN3W300nF 31901030 ONV S3ldl3Nllld ONIM3Nl3N3 -liOS 03ld333V 
NO 03SV8 031VWllS3 3W S3Nl108 N33M.M 031Vl0dtl31NI SNOIllON03 

33VMlS8nS 'SNOW301 3NW06 3hl133dS3tl 3Hl IV SNOIlION03 39VAtlrISBnS 
90 3hllVlN3S3tld3tl 38 01 03MoISN03 SI NOIlVWL1OJNI ONIMOEl 710s 3Hl 

VNllOW3 HlklON 
3NIl31’31 dWV3 ‘XV8 Sdkl03 3NIWW 

NMOHS NOllVlllN33N03 WnWlXVW :31 

(i/6n) ~nou403 ~01~1lt433~030~1 3lwwxotiddv -Ok 

13Kl-l 2l3lvhIONnOtlb 
0310N 3SIMZI~HlO SS3lNrl ‘-lSW NOllVMl3 '031VNIWt131 9Nl8OFJ 

f 
.x -19 

lVAt131NI N3383S -l-EM R 
lWlNo3 03133i'OLld - - 
13VlN03 03lVWS3 - 

QN3331 

0’90 I- ‘1’8 

lOOZ-8661 
0!210 - 013 ‘NOllVnWA3 NOllVnN3.LlV 1WlnlVN 

Allll3VA 3~NVN3lNIVYY 313lH3h SnOl8lHdYYV ‘EL 311s 
J-3 NOl133S-SSOW 3lt)0l0330tiClAH ‘30lilOlH3 1ANlh 

1 t-v 3tlr-m~ 

08- -P 

1 

1 

( 

(a> IISL-'1'8 
/- 

/ 

/ 

03 

--mm 
---- / 

-7---- 

s9- \ 

\ 

\ 

9s- ‘l-B 

- t --- __------- --- 

I 
Km6 ys!uaa~6 *Kop aoo,q ‘al!s aoo,~ 

‘paU!OJb a”9 .&A ‘a,.,,,S 

I 

-- 

t 
-- _-v--- ---- 

&---- - 
OS- 

/ 

/ 

-me -- --- 
--I 

_---- 

I’OP- ‘1’8 
-- 

r I 
I 
I 

-- 
- 

OZ- 

-- 
UMOJ 

v 
Kc06 ‘~1)s a,~>!, 

‘pau!DJ a”!, A&M ‘ONVS 

L-8- ‘1-B 

(ON) 

:, 
8 ISI-EWI 

s- 

- z(;lN 

L 7s IMW-EL 
8’2 LMR-EL 

- POMO-EL 
-MOZPMW-ELtll 01 

33vms am-tow 1 

lSV3HltlON 

J 

lS3MHlnOS 

3 



VNllOtlV3 HltfON 
3Nn3Ell dWV,‘3 ‘XVEI Sdti03 3NltlVW 

‘lN3W390lT 31301033 ONV S3ld13Nkid 3NtKi3N13N3 110s 031d333 
NO 03SVEl 031VWliS3 38’4 S3NlMo8 N33M138 031VlOdkl31NI SNOIIIONO: 

33V~kifISEifIS ‘SNOIlv301 3NklOEl 3Atl33dS3tl 3Hl IV SNOIlION03 33VJtlf-tSElt-I! 
30 3AllVlN3S38d3kI 38 01 03t130lSN03 St NOIIVW~OLINI 3Nlt108 110s 3H 

‘73 51 = qxI! 1 :ap3s pq-ral\ 

c 
OS 51 S’L 0 Sl 

“$3 ()()I = IJXI! 1 :C+?3S ~EY$UOZ!JOH 

I 
m 

002 001 OS 0 

LOOZ-866 1 
OELO - 013 ‘NOIlVfllVA3 NOIlVnN31iV 1VkJniVN 

~llll3V~J 33NVN31NIV’W 3131H3A SnOl8lHdYYV “CL 311s 
‘0-a ~01133s-ssom moi0330kia~H ‘331 

-EM31 ki31VMONn083 f 

0310N 3SIMt13HlO SS3lNCI ‘1SW NOllVA313 ‘031VNIWtt31 3NltJ08 .0’S ‘1’0 

lVAtl31Nl N33t13S 113M B 
13VlN03 Cl3133rOtld - - 

13VlN03 a3lvwils3 ___ 

0N3331 

z 1 -P 3m31~ 

I ‘901- ‘1.B 

08- 1 

F 
OS- 

I 

1 

) 
- 9- 

z*99-‘i.a 

~c 
f 

8’92 ‘1’8 

(ON) 
Xo,b qsyaaJ6 
‘paqmb au!, A 

--- 

f yap- ‘1’B 

~ 

~ S LMV4-EL 
BS LMW-EL 

- POMCI-EL 

_-_--- __--- 

_c- 

“i- ‘1.8 
‘1 

I 

1 (ON) O-E- -1-a ’ 

I 

((1N 

(fi?O) &Ii 
L.cQ 

- PZSI-EL&II 

~awMW--ELw SZSI-E&II MaLP/ 
61-E, - lSV3H$lON 

b 

33vms aNnot 

L MO lPMP4- 

lS3MHlnOS 
a 



‘lN3W3Xlnr 31301033 ONV S31dDNltld 3NlkJ33Nl3N3 110s Cl31d333V 
NO 03SVB Cl32Vl”lllS3 3W S3Nl808 N33M138 032Vl0d~32NI SNOlllaN03 

33VzPlnSRnS ‘SNOIlV301 3NlklOEl 3hl133dS3tl 3Hl IV SNOIlION03 33VJtlnSRnS 
40 3hllVlN3S3kld3kl 38 01 03~301SN09 SI NOIlVW~OjNI 3NklO8 110s 3Hl 

‘JJ qj = qm! 1 :qeos pxqla~ 

I I I 
OE 51 S’L 0 SL 

‘JJ 0(-j] = IJ3UJ 1 :C+?3S ~‘e~l.lOZ&lOH 

I 
mm 

VNllOLlV3 HILiON 
3Nfl3f31 dWV3 ‘3SVEl Sdtl03 3NIth’W 

C-866 1 
OE LO - 013 ‘NOdo If’IlVh3 NOIlVnN3llV -lVtlnlVN 

Allll3Vj 33NVNXNIVW 313lH3A SnOlElltidWV ‘EL 311s 
‘O-0 N01133S-SSOLD 313010330klOAH ‘330 - Z‘l 513 

2 L-P 3tlf-m 

13h3-l 831VMaNn083 2 
0310N 3SIM;t3HlO SS3lNn ‘1sW NOllVA313 ‘03lVNIW~31 3Nlt108 .O’P ‘1’8 

lVAtl3lNI N33813S 113M B 
13VlN03 tl3133rOtld - - 

13VlN03 a32vwils3 ___ 

ON3331 

-got- ‘1’8 

-a f 

08- 

(SW +ISL-‘1 

/ 

L’69- -1’0 

.L 
-. 

7 

----- ----_ 

<- 
2 

IF==-- 
_-_-- _- 

-_-- --- 

s.oL- 
Y--i 

~MOSPMW-ELW SZSI-EL&II Ma/LPN 

MO LPMW-S;Ltll 61- 
lSV3H&!ON 

,a 
lS3MHlnOS 

a 



‘lN3WXXJflT 31901033 ONV s3ld13Nltld 3Nlkt33Nl3N3 110s 03ld33: 
NO Q3SVf3 032VWllS3 38V s9NltjOEl N33M138 031VlOdt131NI SNOlllONC 

33VjtlfIS8fIS XNOIlV301 3NltIOEl 3h1133dS3tl 3Hl IV SNOIlION03 33VJtlflSR~ 
30 3hllVlN3S38d3kl 38 01 03t13alSN03 SI NOIlVW8OJNI 3Nlt108 110s 3t 

VNllOMV3 HltlOt4 
3NfElf37 dWV3 ‘3SV8 Sd1103 3NIWW 

LOOZ-866 1 
OELO - 013 ‘NOIlWllVh3 NOILVCIN3llV 1VWUVN 

Alll13VII 33NVNXNlVlY 3131H3h SIlOl81HdWV ‘CL US 
,0-O N01133S-SSOXI 313010330MOAH ‘3altlOlH3 XNIA 

vi-9 3tln3u 

13h31 ki32VMONll0kl3 % 

0310N 3SIM83HlO SS3lNil ‘7S.W NOllVh313 ‘03lVNlbW31 3Nlt108 .O’E ‘I’6 

lVA831NI N33KX 113M % 
13VlN03 03133~Otld - - 

13VlN03 03lvyY~ls3 ___ 

ON3331 

(ON 

08- 08- 

(SW) +ISL-‘l’t 

z’99-‘i*a 
R 

(ON 

iON) 

3’9S- -1-a 

-- -- -- -- -- 

939- ‘1.a 

ON) 

OS- 

! 

5 
0 

;sc- 

rl 

2 
c 

oz- 

_-- 

-------------_ 

8 

~ 

--I 
_--- -- ---- -- 

--- 

lo,6 qs!uaaJb 
*.b3 a=oJl ‘ONE All15 

SONVS AXV13 

\ MOZPMW-ELtll< 
\-MOOPMW-TLtll 

L MCI LPMW-ELtll POMO-EL 

lS3MHlflOS 
a 



I 

: 
i?

 

I 
I 

I 
I 

I 
0 

c 

z 
?5

 
E 

8 
0 

t 

0 
2 

E
LE

V
A

TI
O

N
 

(F
E

E
T,

 
M

S
L)

 
5 r; z 



I 
I 

I 

2 
I 

E
LE

V
A

TI
O

N
 

(F
E

E
T,

 
M

S
L)

 

g 
g 

I 

&
 

I 

z 
I 

1,
s 

I 
II 

I 
I,,

,,,
,,,

,,,
,,(

 
22

 
0 

0 
0 

I 
, 

, 
, 

, 
, 

, 
, 

, 
( 

W
 I 2 m
 



I 
I 

2 
I 

0”
 

g 
, 

I 
I 

E
LE

V
A

TI
O

N
 

(F
E

E
T,

 
M

L)
 

E
i 

I 

2 
I 

s 
-, 

, 
, 

, 
I 

, 
, 

0 
0 

, 
, 

/ 
) 

0 
I 

, 
/ 

5 
z 

r;l
 

rim
 

--
I 

E
 

0 f! Z m
 

E 

u 

f 
I 

f/ I/ 

I ! 

i I 
I 

I 
.^

 

I 
I 

I 
C

A 
b.

3 
0 

E
LE

V
A

TI
O

N
 

TF
E

E
T,

 
M

S
L)

 
;; 



. I 1 

P 

1 1002/ K/O 1 
:‘A3u XV0 

zm 
0~ lo-013 ‘+mdetf UO!+DnlDhj UO!+DnUi3++~ jDln+DN 

:ClddV :axtu. 
3N W.mefe~ duq 83w ‘Dmv WXJDUQ+I.J!D~( el~!yaA sno!qp@.u~ ‘CL a+!S - LZfjO 

jS0 H-i3 
:s3a :NW 

1002-966 1 ‘-ra+DMpum~ alJ/‘tDH aljSD3 mddn U! (j/h) UO!+DJ~UKXJO~ WaZUafl 

cnl.u 

81-P 
:-ON 3m9u 

OS1 013 

:‘ON 13S’Otld 

r -- ----__ ___ -- 
K 

-+ 
80M[I-EL 



\\ I k.4 - \\\ \ 

FEET 

LEGEND 
\ 

ICC c ̂--^- &__&I^_ 

concentrntbl 
(ug/L) 

NOTE: MXIMUM CONCENTRATION 

mu? 

TCE and Degradation Products in Upper Castle Hayne Groundwater, 1998-2001 
ou21 - Site 73, Amphibious Vehicle Maintenance Area, MCB Camp LeJeune, NC 
Natural Attenuation Evaluation Report, CTO-0130 

Dm: KS2 PRO.ECTN0.E 
CLH CLH 

DKR m CT0 130 
FlalRE Nod 

ME REV.: 
1 o/2001 2 4-19 

^_ - 



FIGURE 5-l 
TIME TREND, 73-MW27 

NATURAL ATTENUATION EVALUATION 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY, SITE 73 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

---- -------- ---_-- 

A 
y = a.6904ea”U34” 

*‘J 

- Expon. (TCE) 



FIGURE 5-2 
TIME TREND, 73-MW13 

NATURAL ATTENUATION EVALUATION 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY, SITE 73 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

--c cis 1,2 DCE 

* Benzene 
- Expon. (cis 1,2 DCE) 

Date Sampled 



FIGURE 5-3 
TIME TREND, A47/3-8 

NATURAL ATTENUATION EVALUATION 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY, SITE 73 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

-e- TCE 
+ cis 1,2 DCE 

* Benzene 
- Expon. (cis 1,2 DCE) 

Date Sampled 
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FIGURE 5-4 
TIME TREND, 73-MW44DW 

NATURAL ATTENUATION EVALUATION 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY, SITE 73 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

- Expon. (TCE) 
- Expon. (cis 1,2 DCE) 

Date Sampled 



FIGURE 5-5 
TIME TREND, 73-DW03 

NATURAL ATTENUATION EVALUATION 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY, SITE 73 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

- Expon. (TCE) 
- Expon. (cis 1,2 DCE) 



FIGURE 5-6 
TIME TREND, 73-MW39DW 

NATURAL ATTENUATION EVALUATION 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY, SITE 73 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

+ TCE 
--c cis 1,2 DCE 

C 
7 Denzene 
- Expon. (TCE) 
- Expon. (cis 1,2 

Kpon. WC) 

DCE) 
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EXECUTIVES-Y 

This document was prepared by Baker Environmental, Inc. (Baker) to document on the activities and 
findings of the Remedial Investigation (RI) conducted at Operable Unit No. 9, Site 73 - hlphibious 
Vehicle Maintenance Facility, MCB Camp Lejeune, North Carolina. 

Pumose of the RI 

The purpose of the RI is to evaluate the nature and extent of the threat to public health and the 
environment caused by the release or threatened release of hazardous substances, pollutants, or 
contaminants. The RI investigation consisted of the sampling surficial and subsurface soil, 
groundwater, sediment, surface water and benthic and aquatic species. The resultant analytical data 
was evaluated to characterize site conditions and to and perform a human health risk assessment (RA) 
and an ecological RA. Furthermore, thii RI report provides information to perform a Feasibillity Study 
(FS) and prepare a Record of Decision (ROD) for selecting a final remedial action. 

Site Location 

Site 73 is situated within the boundaries of the Amphibious Vehicle Maintenance Facility located in 
the Courthouse Bay area of MCB Camp Lejeune . Site 73 is roughly bounded by State Route 172 
(Sneads Ferry Road) to the north, Courthouse Bay to the south, and unnamed tributaries of Courthouse 
Bay to the east and west. Courthouse Road, which bisects the study area, is nsed to enter the complex. 
The study area consists of numerous buildings, ASTs, USTs, vehicle wash racks, and oil/water 
separators. The terrain is primarily flat. Stormwater run-off tends to drain directly south to 
Courthouse Bay or to two small unnamed tributaries located east and west of the facility, ultimately 
discharging to Courthouse Bay. A broad marshy area is associated with the western ,tributary. 
Directly north of the site is another large marsh and a stream that discharges north into the New River. 
The latter marsh is separated from the site by State Route 172 which represents a local topographical 
high and surface water runoff divide. 

Site History 

The Amphibious Vehicle Maintenance Facility started operations in 1946 and is currently active. 
Based on an Initial Assessment Study (IAS) conducted in 1983, an estimated 400,000 gallons of waste 
oil was discharged directly onto the ground surface at this facility, primarily near Building A-47. In 
addition to the waste oil, approximately 20,000 gallons of waste battery acid was also reportedly 
disposed in the area northeast of Building A-47. The waste battery acid was poured into shallow 
hand-shoveled holes which were then backfilled. Neither area is visually apparent with respect to its 
history of waste disposal. Moreover, most of the area where waste disposal reportedly took place, is 
covered with concrete, buildings or roads. A previous report (Law-Catlin, 1993) indicated that 
solvents may have also been disposed at this site although no specific disposal locations or (date were 
identified. 

Previous Studies and Findings 

Seven previous environmental investigations have been conducted at this site prior to this RI. These 
studies include an initial Assessment Study by Water and Air Research, Inc. (WAKI, 1983), 
Confirmation Study by Environmental Science and Engineering, Inc. (ESE, 1990) and five separate 
UST investigations. 
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The first UST investigation was conducted in 199 1 by ATEC Environmental Consultants (ATEC) and 
focused on UST SA-21. In 1992 and 1993, Baker Environmental, Inc. (Baker) performed additional 
investigations on the same UST. UST A4713 was investigated by Groundwater Technology 
Government Services, Inc. (GSI) in April 1993 and Law-Catlin in October 1993. Both USTs where 
reported to be leaking. UST SA-21 was a steel 30,000 gallon capacity tank which contained both 
gasoline and diesel fuel. This tank was installed in 1959 and subsequently removed in 19’9 1. UST 
A47/3 was a steel 30,000 gallon capacity tank which contained diesel fuel. Available information 
indicates that this UST was installed in 1986. A hydrostatic test was performed on A47/3 in late 1992; 
this tank was subsequently replaced with a fiberglass tank. 

Description of the RI 

The RI field activities at Site 73 were conducted in two phases. The objective of first phase was to 
detail the extent of soil and groundwater contamination based on historical information and previous 
investigations. At the completion of the initial phase, the analytical data was evaluated to cletermine 
whether the extent of soil and groundwater contamination had been delineated. With the concurrence 
of LANTDIV;USEPA, NC DEHNR and MCB Camp Lejeune, it was concluded that an additional 
phase of field work was necessary to further define the vertical and horizontal extent of soil and 
groundwater contamination detected at the site. 

The first phase was initiated in the field on April 3 and concluded May 25, 1995. Additional work 
associated with the first phase (primarily IDW management, surveying, and groundwater elevation 
measurements) was conducted between May 26 and August 2 1,1995. The second phase o,f the field 
investigation commenced on February 16, and concluded March 27, 1996. IDW management, 
groundwater elevation measurements and a geophysical survey associated with the second, phase of 
Geld work was conducted between May 13 and 16, 1996. The field programs consisted of soil and 
groundwater investigations, surface water and sediment investigations, an ecological investigation, 
a site survey, and investigative derived waste (IDW) handling. 

Soil samples collected were analyzed for one or more of the following: Target Compound List (TCL) 
organics; Target Analyte List (TAL) metals; or Total Petroleum Hydrocarbons (TPH). Soil samples 
collected in the vicinity of the UST systems within the site may have had multiple analytical methods 
for volatile analyses as well as other analytical requirements stipulated by NC DEHNR regulations- 
In addition to the environmental samples collected at the site, a single soil sample was collected from 
soil boring 73-MW13 and submitted for analysis of engineering parameters. 

Groundwater samples collected during the first phase of field work were analyzed for ‘VOCs via 
Method 601/602, TCL SVOCs, pesticides and PCBs via CLP protocols. In addition, all monitoring 
wells were analyzed for TSS and TAL metals (total metals plus five percent of the samples for 
dissolved metals) via CLP protocols, and an additional sample was collected from monitoring wells 
73-MW13 and A47/3-08 and analyzed for BOD, COD, TOC, total Kjeldahl nitrogen (TKN), TDS, 
total phosphorus, microbial count, and alkalinity. Samples collected in the vicinity of USTs were 
analyzed for parameters in accordance with requirements mandated by NC DEHNR. 

An additional round of groundwater samples were collected during the second phase of field work. 
Samples collected during this phase were analyzed for TCL volatiles via CLP protocols, only. In 
addition, a sample was collected from monitoring well 73-GWO 1 for engineering parameters. 
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Surface water/sediment samples were analyzed for TCL organics, TAL metals and TOC. 
Additionally, the 0- to 6-inch samples were analyzed for grain size distribution. Fish and crab1 samples 
were analyzed for TCL organics and TAL metals, only. 

Summarv of Physical and Chemical Results 

l The subsurface soils at the site consist of unconsolidated deposits of sand and silty 
sand separated by a discontinuous clay layer that thickens and thins across the site. 
The sands are fine to medium grained and contain varied amounts of silt and clay. 

0 Underlying the sands described in the previous paragraph is a loose to ve:ry dense, 
greenish-gray, fine sand containing varying amounts of silt and shell fragments, trace 
clay and cemented sand nodules. This soil unit constitutes the Belgrade Fgormation 
typically referred to as the semi-confining unit separating the surficial and Castle 
Hayne aquifers. It appears that thii unit is not acting as a confining or semi-confinmg 
unit at Site 73. Based on hydraulic head differentials, it does not appear that this unit 
is restricting flow from the surficial to the Castle Hayne aquifer. 

l Cross-sections indicate that a much larger tributary existed where the eastern 
unnamed tributary presently exists. This tributary may have connected the New 
River, north of the site, with Courthouse Bay. The evidence for this theory is the 
highly angular, geologically younger sands encountered at depths more typiical of the 
River Bend Formation; the surficial clay (mentioned in the first paragraph) and the 
Belgrade and upper units of the River Bend Formations are missing; and 
topographical maps provided by the USGS indicate that wetlands/marshlands located 
north of NC State Route 172 have the same surficial topography as the area 
surrounding the unnamed tributary on the eastern portion of the site. The 
significance of this observation is that contamination has a potential pathway into 
deeper groundwater zones without impediment by less permeable geologic units. 

l Eleven VOCs were detected in surface and subsurface soils collected at Site 73, 
however, none of the compounds exceeded the EPA’s Soil Screening Levels 
protective of groundwater. 

l High concentrations of SVOCs were detected in surface soill sample 
73-AC2-MW07-00, and in subsurface soil samples collected from soil boring 
locations 73-MW 15B, 73-MW 14, 73-SBOI and 73-SB06. Soil sample 
73-AC2-MW07-00 was collected from an area where evidence of waste disposal had 
been observed during field operations. Soil borings 73-MW 15B, 73-MW 14, 
73-SBOl and 73-SB06 were drilled in areas located near to USTs or oil/water 
separators which may be the source of the elevated SVOCs. 2,4-Dinitrophenol and 
benzo(a)anthracene were detected in the soils at concentrations exceeding applicable 
soil screening levels for groundwater protection. 
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l Pesticides were detected in the surface and subsurface soils throughout the site. The 
most commonly detected compound was 4,4’-DDD. An equal number of compounds 
were detected in both the surface and subsurface samples. Pesticides detected in the 
subsurface soils were observed in areas where the soils have been either disturbed by 
excavation, construction, or training exercises and the reworked soil may have 
contained pesticide contamination. The scattered detections of pesticides and the 
relatively low concentrations observed in the samples provide evidence that the 
contamination is probably the result of surface pesticide application rather than 
disposal. 

l PCBs were detected in the surface and subsurface soils. Detections were observed 
in a surface sample collected from 73-MW20 and a subsurface soil sample from 
boring 73-SB07. The frequency, location and concentration of PCB detections 
suggest that the contamination is the result of POL spills and releases. 

0 The distribution of detected inorganic analytes among both the surface and 
subsurface soils followed no pattern and were observed throughout the site at varying 
concentrations, suggesting that the former and current site operations have not 
resulted in noticeable inorganic contamination. 

Groundwater 

l Shallow groundwater flow is radial from a topographical high centered near 
Buildings A-8 through A-l 1. Flow patterns in the eastern portion of the site are 
controlled by the absence of the underlying clay allowing the surficial groundwater 
to combine with the underlying groundwater zones; thus causing chainge in the 
direction of surficial groundwater flow. 

l Groundwater flow in the upper portion of the Castle Hayne aquifer is controlled by 
Courthouse Bay. A groundwater divide is present north of the site in the area of 
State Route 172. Flow direction in the mid to lower portion of the Castle Hayne 
aquifer is controlled by the New River. 

l Groundwater elevations collected from the monitoring wells indicate that 
groundwater located on the southeastern side of the bay flows toward Courthouse 
Bay as does groundwater on the northwestern side. 

0 A pathline analysis was conducted as part of an overall modeling effort conducted 
at the site. The analysis indicated that as groundwater in the shallow aqu.ifer begins 
to descend it changes course heading toward Courthouse Bay, however continuing 
its decent. As groundwater nears the bay, the vertical gradient reverses and both 
shallow and deep groundwater begin to recharge Courthouse Bay. 

l Benzene contamination was detected in the shallow groundwater within the A-47 
complex. It was defined horizontally by monitoring wells A47/3-09, A47/3- 11, 
73-MW27 and 73-MW29. A former UST, reportedly located in the vicinity of the 
A-47 complex, is the suspected source of this contamination. The contamination is, 
for.the most part, restricted to the surficial aquifer which is consistent with the 
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contaminants natural tendency to reside in the upper portions of any water-bearing 
zone. 

0 The highest concentration of TCE was detected in intermediate monitoring well 
73-DW03 (screened from approximately -51.7 to -61.7 feet msl), located in the 
central portion of the Building A-47 complex. The horizontal extent of 
contamination is defined by monitoring wells 73-DW06, -DW07, and 73-DWO8 to 
the west, 73-DW09 and -DW 10 to the north, 73-DW 13 to the east and Courthouse 
Bay to the south. The vertical extent lies between 63 feet and 146.5 feet msl based 
on the lack of VOCs detected in the mid to lower portions of the Castle Hayne 
aquifer. 

l Inorganic contamination in the groundwater mainly consisted of iron and manganese; 
however, these analytes are commonly detected in groundwater at Camp Lejeune at 
levels exceeding the NCWQS values. Therefore, these inorganic constituents are not 
considered to be the result of past waste disposal practices at Site 73. 

Surface Water/Sediment 

l Courthouse Bay is unaffected by the volatiles detected in the groundwater at the site. 

0 PAHs detected in the sediments are suspected as the result of fossil fuel combustion 
due to the high amount of boat and amphibious traffic occurring in the bay on a daily 
basis. 

0 The concentrations and distribution of pesticides in sediments sampled in Courthouse 
Bay indicate that the occurrence of these compounds is probably the result of erosion 
and possible aerial pesticide application, and not from spills or disposal events. 

Biota 

0 VOCs detected in the fish and crab samples were restricted to common laboratory 
contaminants and are suspected to be the result of sample preparation. 

l Endrin (a pesticide) was detected in a fillet sample collected from sampling station 
F/C-O2 located in Courthouse Bay. This same compound was detected in sediments 
and surface and subsurface soils and is suspected to have originated from &se-wide 
aerial application, 

0 A number of metals were detected in the fish and crab samples collected from 
Courthouse Bay. Three of the metals detected (mercury, molybdenum and selenium 
were not detected in any other media sampled at the site and are not considered to be 
related to past waste disposal activities at Site 73. 
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Human Health Risk Assessment 

The following sections present a summary of the human health risk assessment. 

Current Scenario 

0 Carcinogenic and noncarcinogenic risk values for the adult fisherman and child 
receptor exceeded USEPA’s acceptable risk range for ingestion of both fish and crab 
tissue. The elevated ICR and HI values are due primarily to the presence of arsenic. 
The risk, in this instance, may not be site related because sediment was the only other 
media in which arsenic was detected and because the fish and crab are migratory by 
nature. 

Future Scenario 

l The Phase I groundwater exposure scenario indicated that the overall site 
noncarcinogenic risk exceeded unity for the adult and child residents. However, for 
the adult receptor, the individual media HI values were below unity (i.e., one), 
therefore making it unlikely that adverse systemic health effects would result in 
future adult receptors. 

l Under the Phase II groundwater exposure scenario, the total site noncarcino,genic risk 
exceeded unity for the adult and child residents. Adverse systemic health effects are 
unlikely for the adult receptor since the exposure pathway HI values were below 
unity. The total site HI was 4 for the child receptor. The risk was aga.in driven 
primarily by the ingestion of iron and manganese in the groundwater at ,the site. 

e The Phase II groundwater exposure scenario indicated that a potential carcinogenic 
risk in excess of EPA’s acceptable range from groundwater ingestion to lthe future 
residential child and adult. Vinyl chloride was the primary contributor to these 
elevated risk values. 

Ecological Risk Assessment 

The following sections present a summary of the ecological risk assessment. 

Aauatic Ecosystem 

l The benthic species at the sampling stations located in the tributaries to Courthouse 
Bay and several stations within the bay had lower indices than the background 
stations. This indicates that the benthic community at these locations may be 
adversely impacted by contaminants detected in the sediment. 

l Several of the contaminants detected in the fish and crab tissues appeared to be 
elevated above background studies. Based on the relatively abundant and diverse 
fish population at the site, these contaminants do not appear to be significantly 
impacting the fish community. 
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l Tissue concentrations of arsenic, chromium, lead and zinc were below toxicity 
concentrations located in the literature for aquatic and piscivorous wildlife. 

l The inorganics detected in the surface water and sediment appear to have a low 

potential to adversely impact the aquatic receptor population. 

l The risk posed by the sediment is from pesticides detected at several stations within 
the bay. The compounds are not considered to be site-related contaminants,, but they 
are most likely remnants of past Base-wide pesticide application. 

Terrestrial Ecosystem 

l Several inorganics such as aluminum, chromium, iron and vanadium detected in 
samples collected from the surface soils exceeded soil toxicity benchmark values. 
Most of the benchmark values exceeded were plant benchmark values, however, the 
flora community did not appear to be impacted. 

0 The CD1 exceeded the TRV for all five terrestrial species evaluated at the :site. The 
risks were driven by aluminum, antimony, arsenic and cadmium. 

l Some potential impacts to soil invertebrates and plants may occur as a result of site- 
related contaminants. In addition, there is a potential for decrease in the terrestrial 
vertebrate population from site-related contaminants based on the terrestrial intake 
model. Aluminum concentrations in the surface soils exceed flora and fauna values, 
as well as contribute to risks in terrestrial models. 

Conclusions 

The scope of the RI focused on nine Area of Concern (AOCs). At the outset of the RI, the AOCs that 
appeared to be the most significant, based on available information, were AOCs 1,5, and 6. Data 
obtained under the RI indicates the vertical and horizontal extent of contamination has been defined 
to within the vicinity of Site 73. There appears no significant surface or subsurface or subsurface soil 
contamination that presents a significant human health or ecological risk. The most significant 
contamination was encountered in groundwater at AOCs 1 and 6. 

AOC 1 comprises the main portion of the site which includes the majority of the Building A-47 
complex. Historical information indicated that 400,000 gallons of POL may have been disposed along 
with an undetermined volume of solvents. Few surface soil samples collected in this AOC possessed 
concentrations of metals in excess of base background. Less than 5 percent of the subsurface soil 
samples collected within AOC 1 contained organic or inorganic compound concentrations in excess 
of comparison criteria. Groundwater results indicate that most of the compounds whose concentration 
exceed NCWQS and/or federal MCLs were collected from wells installed inside the boundaries of 
AOC 1. The results of the RI indicated the presence of a BTEX plume in this area. However, the 
source of this plume is most likely to be a former UST reportedly located within the vicinity of the A- 
47 complex rather than the reported POL disposed at AOC I, Data obtained for UST investigations 
at the site (see Appendix A) indicates the presence of elevated levels of total petroleum hydrocarbons 
(TPH) and oil and grease south of Building A-47 which could be remnants of the POL disposal in this 
area. Solvent contamination was also encountered in AOC 1 consistent with historical (data. The 
detected levels of TCE , DCE, and vinyl chloride in AOC 1 were the highest encountered (during the 
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RI at 320 pg/L, 120 pg/L, and 43 J &L, respectively. Groundwater modeling performed by Baker 
indicated that the natural tendencies of groundwater at the site is to recharge Courthouse Bay and limit 
the downward migration potential of the contamination. Vertically, the extent of contamination is 
defined to exist between 63 and 146.5 feet msl as evident by analytical results received from samples 
collected from deep monitoring wells. 

AOC 6 is adjacent to the eastern border of AOC 5 and is the site of a former 30,000-gallon IJST used 
to store diesel fuel (UST A47/3). Although soil sample results from this portion of the site indicate 
very few compounds exceeded comparison criteria,. groundwater possessed contaminant 
concentrations exceeding NCWQS and/or federal MCLs. The results of the FU confirmed the results 
of previous studies indicating fuel and solvent-related groundwater contamination. The solvent 
contamination is likely related to the historical disposal activities that reportedly occurred alt AQC 1. 

AOC 5 was the general area north of Building A-47 where 20,000 gallons of waste battery acid and 
an undetermined volume of waste oil may have been disposed. The results of the investigation in this 
area did not indicate levels of inorganics indicative of a large volume of waste battery acid disposal. 
Evidence of waste oil disposal was primarily limited to two detections of PCBs in soil samples 
obtained at 73MW-20 (140 NJ and 170 J @kg). S 01 ‘1 screening levels protective of groundwater were 
not established for PCBs, therefore, neither concentration is in excess of screening criteria. Neither 
TPH or oil and grease were detected in soil samples obtained from this area. 

Based on the results of surface water and sediment sampling in Courthouse Bay and the unnamed 
tributaries located to the east and west of Site 73, it appears that volatile organic contamination present 
in the groundwater is not impacting Courthouse Bay. 

The results of the human health risk assessment indicated that current site conditions do not present 
an adverse risk to military personnel engaged in daily activities at the Amphibious Vehicle 
Maintenance Facility. 

Adverse human health risks at this site are associated primarily with organic and inorganic 
contaminants in the groundwater and inorganic contaminants identified in fish and crab tissue. 
However, only the organic contaminants are clearly associated with past site activities. 

The ecological risks associated with the terrestrial and aquatic ecosystems were primarily associated 
with inorganic contaminants in the surface soils, sediment and surface waters at the site. 
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EXECUTlVE SUMMARY 

This Groundwater Modeling Report was prepared to support the evaluation of remedial alternatives 
in the Feasibility Study (FS) for Operable Unit No. 9, Amphibious Vehicle Maintenance Facility at 
Marine Corps Base (MCB) Camp Lejeune, North Carolina. Specifically, the modeling effort provided 
data interpretation to assist in evaluating the impact on groundwater contaminants of various remedial 
options and the risk mitigating effects of those options on adjoining Courthouse Bay. This report 
describes the several steps taken to: 

1. Define the three-dimensional groundwater flow directions beneath the site (using 
MODFLOW). 

2. Determine the fate of the identified dissolved contaminants (by advection using 
MODPATH). 

3. Estimate concentration in surface water after discharge into Courthouse Elay (using 
G3CTM). 

4. Assess the need for remediation based on appropriate objectives in three different 
scenarios. 

5. Optimize the remedial measures (using MODFLOW and MODPATH). 

6. Compare the efficacy of the various remedial scenarios (e.g., wells versus trench 
using MODFLOW and MODPATH). 

Groundwater flow modeling played a major role in accomplishing the above objectiives. The 
combination of numerical (MODFLOW) and analytical (G3CTM) models was used to conceptualize 
and illustrate the exposure pathway of a contaminant from groundwater to surface water. There were 
several specific objectives and two major objectives of the modeling effort. The first major objective 
was to develop a site-specific, steady-state, three-dimensional, calibrated groundwater flow model 
(using MODFLOW and MODPATH) that would be used to: 

0 Predict the fate (and perhaps suggest source area locations) of the groundwater 
contaminants at Site 73 by simulating the existing three-dimensional patterns of 
groundwater flow at Site 73 in the surficial hydrologic unit and the Castle Hayne 
Aquifer including the interaction of groundwater and surface water (Courthouse 

Bay). 

l Assess the potential for contaminant migration toward water supply wells across 
Courthouse Bay toward BB-44 or other Courthouse Bay area wells. 

l Compare the efficacy of various remediation schemes for Site 73 in order to protect 
potential human and/or ecological receptors from groundwater contaminants 
(particularly trichloroethene and its degradation products: cis- 1,2-dichloroethene and 
vinyl chloride). 

ES-I 



0 Evaluate the potential hydrologic effects of the remedial scenarios on the 
groundwater regime. 

0 Support the design of the selected remedial alternative. 

The groundwater flow model has proved useful in predicting the ultimate fate of the groundwater 
contaminants and helped in answering many questions regarding the associated risk. Ba;ed on the 
conceptual model (as described in Section 2.3) and within the limitations of its calibration, the Site 73 
model describes how groundwater flows beneath the Amphibious Vehicle Maintenance Facility 
(Objective 1). It also demonstrated that the groundwater contaminants at Site 73 are not likely the 
source of trace contamination in water supply well BB-44 (Objective 2). The Site 73 model 
demonstrates the effects of remedial groundwater withdrawals on the surficial water table and the 
Castle Hayne Aquifer (Objective 3). The model demonstrates that the relatively low-volume 
withdrawal rates of the extraction wells will have an extremely localized effect on the water levels in 
the surficial unit and the Castle Hayne Aquifer (Objective 4). The model can also be used to help 
design and optimize the remediation system(s) if necessary (Objective 5). 

The second major objective was to develop a steady-state, single-species contaminant transport model 
(using MT3D with the results from MODFLOW) that would be used to predict the fate of 
trichloroethene (TCE) in the subsurface beneath Site 73 and to evaluate the risk to Courthouse Bay 
(the only receptor) associated with the TCE concentrations under several remedial scenarios. 
However, the risk associated with the degradation products of TCE [especially vinyl chloride (VC)] 
in groundwater is actually greater than that posed by the TCE. This meant that the concentrations of 
the single-species (TCE) predicted by MT3D would not provide adequate information to evaluate the 
risks posed by vinyl chloride (VC) and cis-1,2-dichloroethene (DCE). 

Therefore, instead ofcompleting the MT3D calibration, the proposed Draft Risk Analysis Framework 
(NC DENR, 1996) was used to estimate the surface water concentrations of TCE and VC from 
groundwater discharge (class G-3, Method II). Using site-specific input values and conservative 
assumptions it was determined that the allowable “source” concentrations in the surftcial unit were 
0.8 18 mg/L TCE, 16,200 mg/l DCE and 1.21 mg& VC. in the Castle Hayne Aquifer, the v.alues were 
0.994 mg/L TCE, 5.53e+6 mg/L DCE and 6.7 mg/L VC. These “source” concentrations are 
considered protective of the applicable surface water quality standards (0.0924 mg/L TCE,, 7.0 mg/L 
DCE and 0.525 mg/L VC). However, according to the Draft Risk Analysis Framework Document, 
the allowable “source” concentrations may not be higher than the Ceiling Concentration Limits 
(CCLs). The CCLs for VC are defined as either 1,000 times the groundwater quality standard 
(1,000x0.0000l5mg/L=0.015mg/L)orhalfofthesolubiIitylimit(%x1,100mg/L=5~50mg/L). 
The lowest of the three types of values for VC is 0.0 15 mg/L. The calculated “source” values for TCE 
and DCE did not exceed either of their CCLs. 

Finally, the data from the RI (Baker, 1997) indicate that TCE may be degrading to DCE and VC and 
that the VC may be further degrading to harmless compounds before it reaches Courthouse Bay. In 
this case, the actual risk to Courthouse Bay would be zero. Additional data collection would be 
necessary over a period of years to prove that such natural bioattenuation is actually occurring. The 
parameters and monitoring locations necessary for this are beyond the scope of this effort but have 
been documented (AFCEE, 1996). 
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Therefore, there are three possible strategies to remediate the affected areas beneath Site. 73: 

1. Use groundwater quality (GWQ) standards as cleanup levels protective of drinking 
water and actively remediate those areas that exceed them. 

2. Use the “source” concentrations (as calculated by the mode1 G3CTM) as clean-up 
levels protective of SA surface water quality and actively remediate those areas that 
exceed them. 

3. Passively remediate the affected areas on-site by gathering data to support the natural 
bioattenuation option to reach one or both of the above clean up levels. 

Baker believes that the best alternative to remediate the risk at Site 73 is to collect additional data that 
will support the hypothesis that the VC is being completely naturally bioattenuated before it reaches 
Courthouse Bay. 

ES-3 





TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 
COORDINATES: 
ELEVATION: 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: 
EAST: 
SURFACE: F 

NORTH: 
TOP OF PVC CASING: 

IR73MW38DW 
309856 -52 
8.22 

R 

S 
L 

: 

1 
E 
F 

E 

Weather 
Depth to 

Water 

m-1 

6.1 

‘all 30” 1 I I I I I 
:emarks: Core through concrete 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=AirRotary C=Core 
D = Denison P = Piston 

N = No Samnle H=Hand Snoon 

Depth (feet) 

1 

2 

3 

4 

6 

7 

8 

9 

10 

Sample 

Type& 
No. 

A-N 

SPT 
Lab 
JD l- PID 

@pm> 
I !? 

DRILLING CO.: Parratt-Wolff BAKER REP.: Jon C. Edel Jr. 
DRILLER: Layne Pech BORING NO.: IR73-MW38DW 

‘s I Detail I 

WELL INFORMATION 

ich 40 .O 10 Slot Screen 
ich 40 Riser 

Visual Description I Well 

I 

Elevation 
Installation (Ft. MSL 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO. : 62470-3 I2 BORING NO. - - . .  I  . . _  .  .  

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=AirRotary C=Core 

SPT = Standard 
PID = Photo Ion 
MSL = Mean Sea 

DRILLING CO.: Parratt-Wolff 
DRILLER: Layne Pech 

BAKER REP. : 
BORING NO. : 

Jon C. Edel Jr. 
lR73-MW38DW SHEET 2 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO.: 62470-312 BORING NO. : lR73-MW38DW 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

D = Denison P= : Pist 

Depth (Ft.) 

31 

32 

33 

34 

3.5 

. 36 -. : ,, 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

Sample 

rypea 
No. 

A-N 

SPT 
Lab 
rD 

DRILLING CO.: Parratt-Wolff BAKER REP. : Jon C. Edel Jr. 

DRILLER: Lavne Pech BORING NO.: IR73-MW38DW 

‘T = Standard Penetration Test (ASTM Dl586) 
D = Photo Ionization Detector Measurement 
SL = Mean Sea Level 
ci/pS = Background/Point Source 

Visual Description 

Match to Sheet 4 

Detail --SF+ 
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TEST BORING AND WELL CONSTRUCTION RECfDRD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 

CT0 NO.: 62470-3 12 BORING NO.: IR73-MW38DW 

I 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

D 

Depth (Ft.> 

51 

52 

53 

54 

35, I:? 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

R = Air Rotary 
lenison 
Sample 
Type & 

No. 

A-N 

= Pistc 
ample 
ReC. 
m 

C = Core 
N=No: 

SPT 

nple 
Lab 
ID 

DRILLING CO.: Parratt-Wolff 
DRILLER: Layne Pech 

;:I 
BG/PS 

DEFINITIONS 
Test (ASTM D 1586) PT = Standard Penetration 

ID = Photo Ionization Detector Measurement 
4SL = Mean Sea Level 
;G/PS = Backaround/Point Source 

1 Elevation 
Visual Description I Jnstallation ](Ft. MSC 

!ontinued from Sheet 3 

Match to Sheet 5 

3AKER REP.: Jon C. Edel Jr. 
30RlNG NO.: lR73-MW38DW SHEET 4 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
Cl-0 NO.: 62470-3 12 BORING NO.: IR73-MW38DW 

I 

SAMPLE TYPE T 

D 

Depth (Ft.) 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

Denison 
Sample 
Type & 

No. 

A-N 

= Pist 
iamp 
Rec. 
Ft.,% 

I N=No 

SPT 

?.2E?k 
Lab 
ID 

DEFINITIONS 
;PT = Standard Penetration Test (ASTM D 1586) 
‘ID = Photo Ionization Detector Measurement 
dSL = Mean Sea Level 
3G/PS = Background/Point Source 

Visual Description 

DRILLING CO.: Parratt-Wolff 
DRILLER: Layne Pech 

BAKER REP.: 
BORING NO.: 

Jon C. Edel Jr. 
IR73-MW38DW ’ SHEET 5 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJBCT: 
CT0 NO.: 

MCB Camp Le.jeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: 

SAMPLE TYPE I 

lR73-MW38DW 

DEFINITIONS 

D, 

Depth PJ 

91 

92 

93 

94 

95 

. . 26. ” ’ 
:: 

97 

.A;N 
,: .,’ : j . . : 

98 

99 

100 

101 

102 

103 
S-l 1.8 

104 

105 

106 A-N 

107 

108 
s-2 

109 

110 

I 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary 

1enison = Pistc 
Sample lample 
Type & ReC. 

No. Ft.,O/o) 

1.0 

C = Core 
N=Nor 

SPT 

32 
26 
47 
50 

28 
37 

501.3 

mJ& 
Lab 
ID 

BGil’S 

3.0 0.c 

.2 0.; 

;PT = Standard Penetration Test (ASTM D 1586) 
‘ID = Photo Ionization Detector Measurement 
ASL = Mean Sea Level 
)G/PS = Background/Point Source 

Visual Description 

:ontinued Tom Sheet 5 

I 
92 

iand, bluish-gray in color, 
. .i'.:ii i :.:. . . : ..:.. ., ,.,. :.:. 

ayered e& broy&&-gray ::$$ 
lmd containing some thy shell .;$?$ 

iagments, very dense, moist j ..$$ . . 

game as above 

BOH at 110.0 ft. 

DRILLING CO.: Par&t-Wolff BAKER REP. : 
DRILLER: Layne Pech BORING NO.: 

Jon C. Edel Jr. 
IR73MW38DW 

-. 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Leieune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO. : 62470-3 12 BORING NO.: 
COORDINATES: EAST: 7690707,74 NORTH: 
ELEVATION: SIJRFACEI Q -27 TOP OF PVC CASlNG: 

IR73-MW39DW 

309’853.47 
Q l-b& 

“. ,I “-VU 

lig: Truck Depth to 
Split Casing Augers Core Date Progress Weather Water 

Spoon Barre1 CFC) W-1 
like (ID) 1.375 8-l/4” 1 l/10/98 0.0 - 16.5 Cloudy & cool 
Angth 2.0 5.0 1 lll2l98 16.5 - 70.0 Sunny& warm 

Srpe STD HSA 1 l/17/98 Sunny & mild 5.5 
Iammer Wt 140 , 
?a11 30” 1 I 
lemarks: Core through concrete 

T = Shelby Tube W = Wash 
R=AirRota.ry C =Core 
D + De&on P = Piston 

Visual Description 

DRILLING CO.: Pan-att-Wolff BAKER REP.: 
DRILLER: Layne Pech BORING NO.: 

Jon C. Edel Jr. 
lR73-MW39DW SHEET 1 OF 4 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW39DW 

SAMPLE TYPE DEFINITIONS 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 

T = Shelby Tube W = Wash PID = Photo Ionization Detector Measurement 1 
I 

I 
R = Air Rotary 

D = Denison P= = Pist 
arnplc 
Rec. 
:feet> 

C = Core 

1epth (feet> 

11 

12 
A-N 

13 

14 

1.5 

16 S-l 1.8 

17 

18 

19 

20 

21 

22 

23 A-N 

24 

25 

26 

27 

28 

29 

30 

Sample 
Type & 

No. 

N=No: 

SPT 

n& 
Lab 
ID 

-r 

DRILLING CO.: Parratt-Wolff I 3AKER REP. : Jon C. Edel Jr. 

DRILLER: Layne Pech I 3ORING NO.: IR73-MW39DW 

PID 

(P 
z 

- 

1.2 

- 

- 

1) 
‘S - 

- 

I.2 

- 

- 

ISL = Mean Sea Level 
G/PS = Background/Point Source 

I Well l%iZZZ 
Visual Description 

I 
Installation I@. MSL; 

ontinued from Sheet 1 

!LAY & FINE SAND, some 1 16.5 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

I 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=AirRotary C=Core 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW39DW 

SAMPLE TYPE DEFINITIONS 
S PT = Standard Penetration Test (ASTM D 1586) 
P ID = Photo Ionization Detector Measurement 
k ISL = Mean Sea Level 

on N=No, nple E ;G/PS = Background/Point ;I 

ample Lab 
Rec. SPT ID ;P:) Visual Description 
9 %’ I ., 3G/PS 

C !ontinued from Sheet 2 

Sample 
Type & 

No. Detail 
Depth (Ft.) 

31 

32 

33 

34 

35 

37 

38 

39 

42 

A-N 

DRILLING CO.: Parratt-Wolff 
DRILLER: Layne Pech 

. ’ 

-L Match to Sheet 4 

I 3A.KER REP.: 
I 30RING NO.: 

Jon C. Edel Jr. 
IR73-MW39DW SHEET 3 OF 4 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO. : 62470-3 12 BORING NO.: IR73-MW39DW 

I >RILLING CO.: Parratt-Wolff 
I IRILLER: Iayne Pech 

D: 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

l- 

1enison 
Sample 

Type& 
No. 

A-N 

S-l 

A-N 

s-2 

= Pist 
8ampll 
Rw. 
Ft.,% 

1.3 

2 

N=No; 

SPT 

n& 
Lab 
ID 

PID 

@pm) 
BG/PS 

29 
46 
34 
27 

3.1 0.1 

15 
15 
17 
20 

0.1 0: 

DEFINITIONS 
IPT = Standard Penetration Test (ASTM D 1586) 
‘ID = Photo Ionization Detector Measurement 
/ISL = Mean Sea Level 
sG/PS = Background/Point Source 

Visual Description 

silty sand, bluish-gray in color, 
,oorly to well sorted fragments, 
very dense, moist 

SHELL FRAGMENTS, layered 
wl dark gray sand containing 
zome larger shell fragments, 
nedium dense, moist 

BAKER REP.: 
BORING NO.: 

Jon C. Edel Jr. 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO.: 62470-312 BORING NO.: 
COORDINATES: EAST: 
ELEVATION: SURFACE: y 

NORTH: 
TOP OF PVC CASING: 

IR73-MW40DW 

3097w.11 

5.98 

temarh: 

T = Shelby Tube W = Wash 
R=AirRotary C=Core 
D = Denison P = Piston 

Visual Description 

DRILLING CO.: Parratt-Wolff BAKER REP. : 
DRILLER: Layne Pech BORING NO.: 

Jon C. Edel Jr. 
lR73UW40DW SHEET 1 OF 4 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

r 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW40DW 

I DEFINITIONS SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=AirRotary C=Core 

mple 
Lab 
ID 

PT = Standard Penetration Test (ASTM D1586) 
ID = Photo Ionization Detector Measurement 
4SL = Mean Sea Level 
IGfPS = Background/Point Source D 

Depth (feet) 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Denison 
Sample 

Type& 
No. 

A-N 

= Pist 
SI-lpk 
Rec. 
(feet> 

N=No1 

SPT 
T- 
I 

DRILLING CO.: Parratt-Wolff BAKER REP.: Jon C. Edel Jr. 
DRILLER: Layne Pech BORING NO.: IR73MW40DW 

PID 

@ 
E! 

- 

4 
‘S - 

Visual Description 

Bottom of casing 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-312 BORING NO.: lR73-MW40DW 

I 

SAMPLE TYPE -r 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

D 

Depth (Ft.) 

31 

Denison 
Sample 
Type & 

No. 

32 

33 

34 

35 

36. 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

4x 

49 

50 

R = Air Rotary 

A-N. 

= Pist 
ample 
Rec. 
R.,o/d 

C = Core 
N=No: 

SPT 
PID 

@pm> 
BGA'S 

g& 
Lab 
ID 

DEFINITIONS 
PT = Standard Penetration Test (ASTM D 1586) 
‘ID = Photo Ionization Detector Measurement 
/ISL = Mean Sea Level 
lGA?S = Background/Point Source 

Visual Description 

:ontinued from Sheet 2 

Match to Sheet 

DRILLING CO.: Parratt-Wolff BAKER REP.: 
DRILLER: Layne Pech BORING NO.: 

Detail I 

Jon C. Edel Jr. 
IR73MW40DW SHEET 3 OF 4 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

D 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO. : IR73-MW40DW 

SAMPLE TYPE 1 DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 
T = Shelby Tube W = Wash PID = Photo Ionization Detector Measurement 

R = Air Rotary C = Core MSL = Mean Sea Level 
N=No: BG/PS = BackgrouncUPoint Source 1 

Depth P.> 

51 

>enison 
Sample 
Type & 

No. 

= Pistc 
ample 
Rec. 
Ft.,%) 

SPT 

mple 
Lab 
ID Visual Description 

3GfPS 1 

A-N 

52 

53 

54 

55 

57 

58 

59 

60 

61 

62 

63 

64 

65 

S-l 

s-2 

s-3 

66 

67 S-4 

68 

69 s-5 

70 

1 Continued from Sheet 3 

10 
16 
25 
28 
13 
14 
16 
28 
14 
13 
23 
33 
5 
6 
10 
10 

1.65 SHELL FRAGMENTS, silty 
sand, bluish-gray in color, 
dense, moist to dry 

.2 0.2 Same as above 1.5 

fragments mixed in with the 
silty sand, medium dense 

2.0 

1.6 33 

12 
12 
16 
28 

2.0 

BOH at 70.0 ft. 

Jon C. Edel Jr. 
IR73-MW40DW SHEET 4 OF 4 

DRILLING CO.: Parratt-Wolff 
DRILLER: Layne Pech 

BAKER REP.: 
BORING NO.: 



--- -- - .- ---- -.-. 
II I 

Weather 

T = Shelby Tube W = Wash 
R=AirRotary C=Core 
D = Denison P = Piston 

Visual Description 

DRILLING CO.: Par&t-Wolff BAKER REP.: Jon C. Edel Jr. 
DRILLER: Layne Pech BORING NO.: lR73-MW41DW SHEET 1 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

MCB Camp Lqjeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO. : IR73-MW41DW 

I D= 

Depth (feet) 

11 

12 

13 
l 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=AirRotary C=Core 

N=NoS venison 1 
Sample 

Type& 
No. 

: Pista 
amp11 
ReC. 
(feet) 

S-l 

A-N 

1.3 

SPT 

lple 
Lab 
ID 

DRILLING CO.: Parratt-Wolff 
DRILLER: Lqne Pech 

!2 
- 

j.2 

‘S - 
- 

I.2 

- 

I DEFINITIONS 
S 
P 
lv 

I B 

I 

PT = Standard Penetration Test (ASTM D1586) 
ID = Photo Ionization Detector Measurement 
ISL = Mean Sea Level 
G/PS = Background/Point Source 

Visual Descrintion 
ail - 

13.0 

BAKER REP.: 
BORING NO.: 

Jon C. Edel Jr. 
IR73-MW4 1DW SHEET 2 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO. : 62470-3 12 BORING NO.: IR73-MW41DW 

D= renison I Pisto 
Sample amplt 

Depth (Ft.) Type & Rec. 
No. Y %‘ -> 

31 

32 

33 

34 

35 

:36 

38 

41 
A-N 

42 

46 

48 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

N=NoS 

SPT 

lple 
Lab 
ID @“,“m 

BGIPS 

;G/PS = Background/Point Source 

I 
Visual Description 

Well 
installation 

Detail 
!ontinued from Sheet 2 

DRILLING CO.: Parratt-Wolff I 3AKER REP.: Jon C. Edel Jr. 
DRILLER: Layne Pech E 30RING NO.: IR73-MW41DW 

DEFINITIONS 
PT = Standard Penetration Test (ASTM D 1586) 
ID = Photo Ionization Detector Measurement 
4SL = Mean Sea Level 

1 Elevation 
MS& 

SHEET 3 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW41DW 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

PROJECT: 
CT0 NO. : 

I D 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 ‘, 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

R=AirRotary 
)enison 
Sample 

Type& 
No. 

A-N 

P= q Pistc 
killlpi 
Rec. 

lx,% 

C = Core 
N=NoS 

SPT 

nple 
Lab 
ID :Pr) 

BGfPS 

1PT = Standard Penetration Test (ASTM D 1586) 
‘ID = Photo Ionization Detector Measurement 
&L = Mean Sea Level 
sG/PS = Background/Point Source 

Visual Description 

continued f?om Sheet 3 

Match to Sheet 5 

DRILLING CO.: Parratt-Wolff BAKER REP.: Jon C. Edel Jr. 
DRILLER: Layne Pech BORING NO.: IR73-MW41DW SHEET 4 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO. : 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW41DW 

SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

IPT = Standard Penetration Test (ASTM D1586) 
‘ID = Photo Ionization Detector Measurement 
llSL = Mean Sea Level 
IG/PS = Background/Point Source I D= 

Depth (Ft.) 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

R=AirRotary C=Core 

N=NoZ )enison 1 
Sample 
Type & 

No. 

= Pistc 
iamplt 
Rec. 
Ft,O/o: 

A-N 

SPT 

lple 
Lab 
ID :P:) 

BGfPS 
Visual Description 

DRILLING CO.: parratt-Wolff BAKER REP.: 
DRILLER: Layne Pech BORING NO.: 

Jon C. Edel Jr. 
IR73MW41DW SHEET 5 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO.: 62470-3 12 BORING NO.: IR73-MW41DW 

I 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

-I- DEFINITIONS 

Depth (Ft.) 

91 

92 

93 

94 

95 

96 ,r: ,. 

97 

98 

99 

100 
100. 

101 

102 
102 

103 

104 
104 

105 

06 

07 

08 

enison I Pisto 
Sample ampl< 
Type & Rec. 

No. m 

A-N 

s-2 10” 

s-3 

S-4 8” 561.5 50 1.1 0.: 

0.0 

SPT 
Lab 
ID 

501.3 50 

PID 

ivm) 
3G/PS 

50/.4 

PT = Standard Penetration Test (ASTM D 1586) 
ID = Photo Ionization Detector Measurement 
ISL = Mean Sea Level 

Visual Description 

,ery dense, moist 

Jo recovery 

DRILLING CO.: Parratt-Wolff BAKER REP. : Jon C. Edel Jr. 

DRILLER: Layne Pech BOFXNG NO.: IR73-MW41DW SHEET 6 OF 6 



TEST BORING AND WELL CONSTRUCTION RE:CORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO.: 62470-3 12 BORING NO.: IR73-MW42DW 
COORDINATES: EAST: 2490325.27 NORTH: 109668 -97 
ELEVATION: SURFACE: 3.94 TOP OF PVC CASING: 5-64 

Weather 
Depth to 

Water 

W-1 

3.18 

I 

lemarks: 

SAMPLE TYPE WELL INFORMATION 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=A.irRotary C =Core 
D = Denison P = Piston 

I=No Sa 
Sample 
Type & 

No. 

pie 
iampk 
Rec. 

(feet> 

2 
on l- c Hand Spot 

Lab 
ID 

I 

I 

Depth (feet> 

A-N 

SPT 

2 

DRILLING CO.: Parratt-Wolff 
Layne Pech DRILLER: 

B( - 

- 
- 

TY!?e 

kh 40 .OlO Slot Screen 
lch 40 Riser 

Visual Description 

BAKER REP.: 
BORING NO.: 

Jon C. Edel Jr. 
IR73MW42DW SHEET 1 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

I D= 

Depth (feet) 

:D 

r 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 
T = Shelby Tube W = Wash PID = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

In 

Sample ample 

Type& Rec. 
No. w 

S-l 1.7 

A-N 

N=No: 

SPT 

4 
4 
5 

lple 
Lab 
ID 

PROJECT: 
CT0 NO.: 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW42DW 

SAMPLE TYPE I DEFINITIONS 

BG/PS = Background/Point Source 
PID I I Well 1 Elevation 

@pm> 
3GlPS 

Visual Description 
I 

Installation 
I 
(Ft. MSC 

Detail - 

1.0 

- 

- 

Continued from Sheet 1 
I.0 CLAY, some sandy clay, blue- 

green in color, dry to moist 12 
Bottom of casing 

- Match to Sheet 3 

12.0 

DRILLING CO.: Parratt-Wolff BAKER REP. : Jon C. Edel Jr. 
DRILLER: Layne Pech BORING NO.: IR73MW42DW SHEET 2 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

I D= 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-312 BORING NO.: IR73-MW42DW 

SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 

IPT = Standard Penetration Test (ASTM D1586) 
‘ID = Photo Ionization Detector Measurement 

R = Air Rotary C = Core 4SL = Mean Sea Level 
)enison P = Pistt 3n 1 

iamp 
Rec. 
Ft.,% 

N=No:: nple 
Lab 
ID 

IGA’S = Background/Point Source 

Depth (Ft.) 
Sample 
Type & 

No. 
SPT :P, 

BGffS 
Visual Description 

Detail 
31 

32 

33 

34 

35 

36 -I L. 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

A-N 

continued from Sheet 2 

DRILLING CO.: 
DRILLER: 

Parratt-Wolff 
Layne Pech 

BAKER REP. : Jon C. Edel Jr. 
BORING NO.: IR73-MW42DW SHEET 3 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
CT0 NO. : 62470-3 12 BORING NO.: IR73-MW42DW 

D= 

Depth (Ft.) 

51 

52 

54 

5.5 

56 

57 

58 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

Sample 
Q-pe & 

No. 

A-N 

N=NoS 

SPT 

pie 
Lab 
LD 

DRILLING CO.: Parratt-Wolff BAKER REP.: Jon C. Edel Jr. 

DRILLER: Lavne Pech BORING NO.: IR73-MW42DW 

PID 

$pm) 
3G/PS 

l- DEFINITIONS 
‘PT = Standard Penetration Test (ASTM D1586) 
‘UD = Photo Ionization Detector Measurement 
/ISL = Mean Sea Level 
IG/PS = Background/Point Source 

Visual Description 

:ontinued from Sheet 3 

Match to Sheet 5 

SHEET 4 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW42DW 

SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R=AirRotary C=Core 

D= 

Depth (Ft.) 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

benison P = Pistc m N = No Samnle 
Sample 
Type & 

No. 

A-N 

ampll 
ReC. 
Ft.,% 

DRILLING CO.: Parratt-Wolff 

l- 

SPT 
-ix 

ID 
PID 

@pm) 
BG/PS 

PT = Standard Penetration Test (ASTM D1586) 
ID = Photo Ionization Detector Measurement 
4SL = Mean Sea Level 
;G/PS = Background/Point Source 

Visual Description 

:ontinued from Sheet 4 

Match to Sheet 6 

BAKER REP.: Jon C. Edel Jr. 
DRILLER: Layne Pech BORING NO.: IR73-MW42DW SHEET 5 OF 6 



PROJECT: 
CT0 NO. : 

I D= 

Depth (Ft.) 

91 

92 

93 

94 

95 

.96., .7 

97 

98 

99 

100 

101 

102 

103 102.: 

104 

105 

106 

197 

108 

109 

I10 

MCB Camp Lejeune - Natural Attenuation Evaluation Study - Site 73 
62470-3 12 BORING NO.: IR73-MW42DlW 

SAMPLE TYPE 1 DEFINITIONS 
S = Split Spoon A = Auger ;PT = Standard Penetration Test (ASTM D1586) 
T = Shelby Tube W = Wash ‘ID = Photo Ionization Detector Measurement 
R = Air Rotary dSL = Mean Sea Level 

-1 1enison 
Sample 
Type & 

No. 

= Pisto 
lamplt 
Rec. 
Ft. %’ d 

C = Core 
N=NoS nple 

Lab 
ID 

A-N 

s-2 

s-3 

0.0 

1 1” 

SPT 

501.2 

TEST BORING AND WELL CONSTRUCTION RECORD 

;P:) 
BG/PS 

-- -- 

:ontinued from Sheet 5 

Jo recovery 

HELL FRAGMENTS on 
lredominantly silty sand, 
,rayish-brown, very dense. 
noist 

BOH at 110.0 ft. 

DRILLING CO.: Parratt-Wolff BAKER REP.: Jon C. Edel Jr. 
DRILLER: Iayne Pech BORING NO.: IR73MW42DW SHEET 6 OF 6 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 Natural Attenuation Evaluation 

PROJ. NO.: CTO-0 130 BORING NO.: 73-MW43DW 
COORDINATES: EAST: 2490142.660 NORTH: 310271.64 
ELEVATION: SURFACE: 7.96 TOP OF PVC CASING: 7.52 

leemarks: 

Depth tc 
Water 
(Ft.1 

~ 

S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 

D = Direct Push P = Piston 

Visual Description 

Silty SAND; lt/med brown; da 

Silty SAND trace clay; med/dk 

brown; damp, wet at S-ft 

DRILLING CO.: Parratt-Wolff BAKER REP.: Edward Kleinkauf 
DRILLER: Lewis Lafever BORMG NO.: 73-MW43DW SHEET 1 OF 4 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

L 

I 
I 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Mud Rotary C = Core 

D = Denison P = Piston 

Depth (Ft.) 

11 

12 

13 A-N 

14 

15 15.c 

16 S-l 

17 17.a 

18 18.C 

19 

A-N 

s-2 

20 2o.c 

21 

22 

23 

24 

25 R-N 

26 

27 

28 

29 

30 

Sample 

Type& 
No. 

&-impk 
Rec. 

Ft.,%: 

-- 

1.5 
75% 

-_ 

2.0 
100% 

I=No S, 

SPT 

-- 

tple- 
Lab 
LD 

-- 

-- 

SPT = Standard Penetration Test (ASTM D 15 86) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
ps/bg = point source/background 

PID 

Ppm) Visual Description 

IlULLING CO.: Parratt-Wolff 
1RILLER: Lewis Lafever 

I Detail 1 1 

I F/M SAND, little silt; lt/med -I 
-- brown; wet 

1 Silty CLAY, trace f sand, orgama 

PROJECT: 
CT0 NO.: 

Site 73 Natural Attenuation Evaluation 
CTO-0130 BORING NO.: 73-MW43DW 

SAMPLE TYPE DEFINITIONS 

i 

dk brown; wet 
-- 

I little f sand 
-- 

sandy zone at 19.5 

-8.04 

19.5 -11.54 

BAKER REP. : Edward Kleinkauf 
BORING NO.: 73-MW43DW SHEET2 OF 4 - 



TEST BORING AND WELL CONSTRUCTION IRECORD 

PROJECT: 

CT0 NO.: 

Site 73 Natural Attenuation Evaluation 

CTO-0130 BORING NO.: 73-MW43DW 

r SAMPLE TYPE l- DEFINITIONS 

S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 

D= :nison P Piston 

Sample iample 

Depth (Ft.) Type & Rec. 

No. :Ft.,%) 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 R-N 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

DRILLING CO.: Parratt-Wolff 

=NoS 

SPT 

pie 
Lab 

ID 

DRILLER: Lewis Lafever 

PID 

wm: 
dbg 

PT = Standard Penetration Test (ASTM D 1586) 

‘ID = Photo Ionization Detector Measurement 

llSL = Mean Sea Level 

s/bg = point source/background 

I Well 1 

Visual Description 

I 

Installation (Ft. MSL: 

Detail I 

BAKER REP.: Edward Kleinkauf 

BORING NO.: 73-MW43DW :SHEET 3 OF 4 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 

CT0 NO.: 
Site 73 Natural Attenuation Evaluation 
CTO-0 13 0 BORING NO.: 71-MWd?nW 

. -  - . -  .  .  . _ I  .  .  

SAMPLE TYPE DEFINJTIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 
T = Shelby Tube W = Wash PID = Photo Ionization Detector Measurement 
R = Mud Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample 

Depth (Ft.) 
Sample 

Type & 
No. 

60 R-N 

61 

Lab 

ID 

51 

52 

53 

54 

55 

56 

57 

58 

59 

62 

63 

64 

65 

66 

67 

68 

69 

70 70.0 

DRILLING CO.: Parratt-Wolff 

DRILLER: Lewis Lafever 

/p&g = point source/background 

Visual Description 

Some construction details assu 

based on MW45DW details 

BAKER REP.: Edward Kleink.auf 

BORING NO.: 73-MW43DW SHEET 4 OF 4 - 



TEST BORING AND WELL CONSTRUCTION IRECORD 

PROJECT: Site 73 Natural Attenuation Evaluation 

PROJ. NO.: CTO-0130 BORING NO.: 73-MW44DW 

COORDINATES: EAST: 2490079.700 NORTH: 3 10009.07 

ELEVATION: SURFACE: 9.02 TOP OF PVC CASING: 8.56 

12-Mav-99 1 0.0 - 16.0 1 Not Recorded I 

.ig: Ingersol-Rand 

Split 1 Casing 1 Augers 1 Mud Date Progress Weather 

Spoon 1 1 Rotary 1 I (Ft.1 1 
ize (ID) I-3/8-in 1 6-in 8-l/4-in 1 5-718in 

,ength 

he 
[ammer Wt. 14fLlhc t -- vr I -- 

‘all 
d 

No Date 1 16.0 - 70.0 1 Not Recorded I 
I I 

3()-in 1 __ 1 - 1 -- I I I I 
:emarks: 

I- SAMPLE TYPE WELL INFORMATION 

Type Diam. z= 

S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 

D = Direct Push P = Piston -in OD PVC Casing 

N=NoSan an1 e -in OD IO-Slot PVC Screen 1 2-in 1 60 1 70 

Lab 
ID 

PID 
PPm) 

ps/bg 

-_ 

Visual Description 
Sample sample 

Type & Rec. 

No. :Ft.,%) 

A-N -- 

Depth (Ft.) SPT 

Zoncrete 

8.02 

5.52 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 10.t 

ilty SAND; lt/med brown; damp 

;ilty SAND med brown; moist 

eddish brown; wet at 8-ft 

Match to Sheet 2 

BAKER REP.: Edward Kleinkauf 

BORING NO.: 73-MW44DW SHEET 1 OF 4 - 

DRILLING CO.: Parratt-Wolff 

DRILLER: Lewis Lafever 



TEST BORING AND WELL CONSTRUCTION :RECORD 

PROJECT: 
CT0 NO. : 

Site 73 Natural Attenuation Evaluation 
CTO-0130 BORING NO.: 73-MW44DW 

SAMPLE TYPE DEFINITIONS 
SPT = Standard Penetration Test (ASTM D 1586) 

D= 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Mud Rotary C = Core I PID = Photo Ionization Detector Measurement 

MSL = Mean Sea Level 
:nison P = Piston N = No Samnle De ps/bg = point source/backgromrd 

PID Well - 

w@ Visual Description Installation 
Lab 
lD 

Elevation 
(Ft. MSL 

Sample 

Type& 
No. 
S-l 

;ample 
ReC. 

Ft. ,%) 
1.5 

75% 

A-N -- 

Depth (Ft.) SPT 

7 
9 
9 

- 

- 

- 

- 

- 

16 i 2 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-1.98 

-6.93 

-s.9s 

11 

12 12.1 

13 

14 

15 15.1 

16 

17 17. 

1s 1s. 

19 

20 20. 

21 

22 

23 

24 

25 

26 

27 

2s 

29 

30 

Silty SAND, trace clay; greenis 

-- 

s-2 2.0 
100% 

1 -_ 

A-N -- -- 

Silty F SAND, trace clay; It 
1 gray; Moist 

s-3 

R-N 

2.0 
100% 

-- 

BAKER REP. : Edward Kleinkauf 
BORING NO. : 73-MW44DW SHEET 2 OF 4 - 

I 1RILLING CO.: Parratt-Wolff 
I 1RILLER: Lewis Lafever 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 

CT0 NO.: 
Site 73 Natural Attenuation Evaluation 

CTO-0 130 BORING NO.: 73-MW44DW 

SAMPLE TYPE DEFINITIONS 
: 1 S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 
D = Denison P = Piston N = No Samnle 

;PT = Standard Penetration Test (ASTM D 1566) 

‘ID = Photo Ionization Detector Measurement 

MSL = Mean Sea Level 

Depth (Ft.) 

31 

Sample 

Type & 
No. 

32 

33 

34 

35 

36 

37 

38 

39 

40 R-N 

41 

42 

43 

44 

45 

46 

47 

48 

49 

SO 

l- Sampl 

Rec. 

(Ft.,% 

SPT 
Lab 

ID 

DRILLING CO.: Parratt-Wolff 
DRILLER: Lewis Lafever 

PIG 
$Pn 
ps/b; 

Match to Sheet 4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_7 

- 

-- 

--v 

: 

Elevation 

(Ft. MSL 

BAKER REP.: Edward Kleinkauf 
BORING NO.: 73-MW44DW !SHEET 3 OF 4 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 Natural Attenuation Evaluation 

CT0 NO.: CTO-0130 BORING NO.: 73-MW44DW 

SAMPLE TYPE 

S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 
D= 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

6.5 

67 

68 

69 

enison P = Piston N = No Sam&e 

Sample 

‘We & 
No. 

R-N 

Sample 

Rec. 

(Ft.,%) 
SPT 

-tz 
ID 

3RILLING CO.: Parratt-Wolff 

IRILLER: Lewis Lafever 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D 158’6) 

‘ID = Photo Ionization Detector Measurement 

tiSL = Mean Sea Level 

xibg = point source/background 

Visual Description 
Well 

I 

Elevatior 

Installation (Ft. MSL 

Continued from Sheet 3 
Deta 

some construction details 

)ased on MW45DW details 

30H at 70.0~ft 
70.0 

il - 

55.0 Assumed 

-45.98 

58.0 Assumed 

-48.98 

60.0 -50.98 

70.0 -60.98 

BAKER REP.: Edward Kleinkauf 

BORING NO.: 73-MW44DW SHEET 4 OF 4 - 



TEST BORING AND WELL CONSTRUCTION IRECORD 

PROJECT: Site 73 Natural Attenuation Evaluation 

PROJ. NO.: CTO-0130 BORING NO.: 73-MW45DW 

COORDINATES: EAST: 2490242.300 NORTH: 309575.32 
ELEVATION: SURFACE: 3.79 TOP OF PVC CASING: 3.33 

R 

S; 

L 

I 
T 

H 

F 

R 

I 

.ig: Ingersol-Rand 

Split Casing 
spoon 

ize (ID) 1 I-3/S-in7 6-in 

I 30-in 1 -- 

HSA 1 -- l I I I I -- -- I -- -- EE 
.emarks: 

SAMPLE TYPE 

S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 

D = Direct Push P = Piston 

Depth (Ft.) 

N No San 

Sample Sample 

Type & Rec. 

No. (Ft.,%) 

1 

2 

3 

4 

5 A-N -- 

6 

7 

8 

9 

10 1O.f 

le 

SPT 

3 

Lab 

ID 

DRILLING CO.: Parratt- Wolff 

DRILLER: Lewis Lafever 

PID 

wm: 
dbg 

WELL INFORMATION 

:-in OD IO-Slot PVC Screen 

Zlty SAND; brown; damp 

- - 

silty SAND; gray; wet 

-3.21 

BAKER REP.: Edward Kleinkauf 

BORING NO.: 73-MW45DW SHEET 1 OF 4 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

I D= 

Depth (Ft.) 

11 

12 12.c 

13 

14 

15 15.c 

16 

17 17.c 

18 

19 

20 

21 

22 

23 

24 

25 25.c 

26 

27 27.c 

28 

29 

30 

S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Mud Rotary C = Core 

PROJECT: 
CT0 NO.: 

Site 73 Natural Attenuation Evaluation 
CTO-0130 BORING NO. : 73-MW45DW 

SAMPLE TYPE DEFINITIONS 

Sample 

?‘vpe& 
No. 
S-l 

&IIlpl~ 

ReC. 
gx,oh) 

2.0 
100% 

A-N -- 

.=No S< 

SPT 

s-2 2.0 
100% 

R-N 

s-3 

R-N 

lple 
Lab 
ID 

-_ 

-- 

DRnLING CO.: Parratt-Wolff 
DRILLER: Lewis Lafever 

SPT = Standard Penetration Test (ASTM D 1586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
p&g = point source/background 

PID 

Pm) Visual Description 
dbg 

Continued from Sheet 1 
CLAY, thin sand zones; blue- 
gray; wet 

-- 

-- CLAY, trace silt, wood & root; 
gray; wet 

-- ;ilty F SAND; It gray; wet 

Match to Sheet 3 

BAKER REP.: Edward Kleinkauf 
BORING NO.: 73-MW45DW SHEET 2 OF 4 - 



TEST BORING AND WELL CONSTRUCTION IRECORD 

PROJECT: Site 73 Natural Attenuation Evaluation 

CT0 NO.: CTO-0130 BORING NO.: 73-MW45DW 

SAMPLE TYPE 

I D= 

Depth (Ft.) 

31 

Sample 

Type & 
No. 

32 

33 

34 

35 

36 

37 

3s 

39 

40 R-N 

41 

42 

43 

44 

45 

46 

47 

4s 

49 

50 50.1 

S = Split Spoon A = Auger 

T = Shelby Tube W = Wash 

R = Mud Rotary C = Core 

Rec. 

(Ft.,%) 

I = No Samde 

SPT 

Lab 
ID 

DRILLING CO.: Parratt-Wolff 

DRILLER: Lewis Lafever 

PID 
wm: 
W%g 

DEFINITIONS 

: 

I 

I 

-1 

;PT = Standard Penetration Test (ASTM D15816) 

?ID = Photo Ionization Detector Measurement 

WSL = Mean Sea Level 

xfbg = point source/background 

Visual Description 

BAKER REP.: Edward Kleinkauf 

BORING NO.: 73-MW45DW SHEET 3 OF 4 - 



TEST BORING AND WELL CONSTRUCTION IRECORD 

PROJECT: Site 73 Natural Attenuation Evaluation 

CT0 NO.: CTO-0130 BORING NO.: 73-MW45DW 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 
T = Shelby Tube W = Wash PID = Photo Ionization Detector Measurement 
R = Mud Rotary C = Core MSL = Mean Sea Level 

Visual Description 

58.0 -54.21 

fragments, trace to little silt; 

DRILLING CO.: Parratt-Wolff 

DRILLER: Lewis Lafever 
BAKER REP.: Edward Kleinkauf 

BORING NO.: 73-MW45DW SHEET 4 OF 4 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
PROJ. NO.: CTO-0130 
COORDINATES: EAST: 2489813.525 
ELEVATION: SURFACE: NA 

BORING NO.: 73-MW46DW 
NORTH: 309720.9417 
TOP OF PVC CASING: 10.12 

:emarks: Steel casing was advanced to a depth of 14’, mud rotary drilling was used to reach the target depth of 75’ 

SAMPLE TYPE WELL INFORMATION 
S = Split Spoon A = Auger Top Bottom 

MR = Mud Rotary W = Wash Tw Diam. Depth Depth 

Depth (Ft.) 

1 

2 

3 

4 
A 

5 

6 

7 

8 

9 

10 

R = Air Rotary C = Core 
D = Denison P = Piston 

N 

Sample 
Type & 

No. 

S 

S 

S 

=I 
T; 

I 

No San 
Sample 
Rec. 

(Ft. ,%) 

1.1 
55% 

1.2 
60% 

1.1 
55% 

0.8 
40% 

1.0 
50% 

le 

SPT 

3 
7 
7 
8 
6 
6 
6 
7 
6 
4 
6 
10 
6 
8 
7 
5 
2 
5 
15 
17 
9 

I 1 (Ft.) 1 (Ft.) 
Schedule 40 PVC riser 1 2” 1 10.12 144.88 

PID 
$pm) 

1 Schedule 40 PVC screen 

Visual Description 

2” 1 -54.88 -64.88 
Well Eclevation 

Installation (Ft. MSLl 

Fine sand, trace silt, damp, loose, 
0.0 dark brown 
0.0 

! 
--------------_---- 

Fine sand, trace silt, moist, loose - 
0.0 dark brown 
0.0 

------------------- 
Fine sand, trace silt, wet, loose, brown 

0.0 (water encountered @, approx. 4 feet) Tiz 

1 
0.0 0.0 

I Fine sand, trace silt, wet, medium 
0.0 dense, brown - 
0.0 4 ------------------- 

Match to Sheet 2 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW46DW SHEET 1 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW46DW 

SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 

MR = Mud Rotary W = Wash I PID = Photo Ionization Detector Measurement 1 D= 

Depth (Ft.) 

11 

R = Air Rotary C = Core 
benison P = Piston N = No Sample 

Sample 1 1 PID 1 
Rec. 1 SPT I (ppm)I 

i 

Sample 
Type & 

No. 
S 

MSL = Mean Sea Level 
ps/bg = point source/background 

I 
Visual Description I 

Well l-Z&Z& 
Installation I(Ft. MSL 

[Ft.,%) 1 Ips/bg( I Detail 
0.8 1 5 1 0.0 /Fine sand. trace silt. wet. loose. mav ml 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

S 

MRN 

S 

MRN 

S 

MRN 

S 

400/a] 4 Io.oI ’ ’ z~-‘“‘=m 1 

1.7 
85% 

I 

4 
5 
6 
8 
6 

lark gray 

silt, wet, very loose, 

a‘4 -I 

I --I -2.88 

-1 

I --I -3.88 

-9.38 

-14.38 

Fine sand, trace silt, wet, loose, gray 

gromut -19.38 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW46DW SHEET 2 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW46DW 

SAMPLE TYPE 
S = Split Spoon A = Auger 

MR = -Mud Rotary W = Wash 
R = Air Rotary - C = Core 

J=NoS D = Denison P = Piston D = Denison P = Piston 
Sample Sample Sample Sample 

Depth (Ft.) Depth (Ft.) Type & Type & Rec. Rec. 
No. No. (Ft.,%] (Ft.,%] 

31 31 
MRN MRN 

32 32 

33 33 
S S 1.4 1.4 

34 34 70% 70% 

3s 3s 

36 36 MRN MRN 

37 37 

38 38 
S S 2.0 2.0 

39 39 100% 100% 

40 40 

41 41 MRN MRN 

42 42 

43 43 
S S 2.0 2.0 

44 44 100% 100% 

45 45 

46 46 MRN MRN 

47 47 

48 48 
S S 0.7 0.7 

49 49 35% 35% 

50 50 
MRN MRN 

nple 
PID 

(mm) 
lE!k 

I DEFINITIONS 
SPT = Standard Penetration Test (ASTM D 1586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 

-7 BG/PS = Background/Point Source 

SPT Visual Description 

Continued from Sheet 2 

10 
8 
18 
20 

Fine sand, trace silt, wet, medium 
arav 

Fine sand and silt, wet, loose, 
light greenish gray 

Fine sand and silt, wet, very loose, 
linht greenish rxav 

I -34.38 

26 
so/4 

Fine sand, trace silt, wet, very dense, 
light gray 

1 B- ----j -39.38 

Match to Sheet 4 

I 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW46DW SHEET 3 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW46DW 

1 SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash 
R = Air Rotary C = Core 

SPT = Standard Penetration Test (ASTM D 1586) 
PID = Photo Ionization Detector Measurement 

I D=l 
Sample I’ Type & 

No. 

Denison P = Piston N = No S 

--T-- Rec. SPT 
‘Ft.,%) 

,le 
‘ID 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

)pm) 
St&- 

5015 
0.3 
15% 

15 
0.8 21 

40% 12 
8 

28 
2.0 32 

100% 41 
41 

9 
1.0 17 

50% 18 
22 

Sheet 3 
l Detail 

W WA 

ine sand, trace 
ght gray 

silt, wet, very dense, 

ine sand, trace silt, medium dense, w 
ght gray, shell fragments 

-42.88 

-44.38 

0.0 
0.0 

S 

MRN 

S 

MRN 

0.0 
0.0 

-49.38 

‘ine to medium sand, trace silt, dense, 
Jet, light greenish gray, shell 

-52.88 
S 0.0 

0.0 
-54.38 
-54.88 

MRN 

S 
:ine sand, some silt, wet, medium 
lense, gray 0.0 

0.0 

MRN 

DRILLING CO 
DRILLER: 

Parratt Wolff Inc. 
Glen Lansing / Rick Navatha / Dave Crozier 

BARER REP.: David D. Schilling 
BORING NO.: 73-MW46DW SHEET4OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0 130 BORING NO.: 73-MW46DW 

SPT = Standard 
PID = Photo Ion 
MSL = Mean Sea 

Visual Description 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW46DW SHIEET 5 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
PROJ. NO.: CTO-0130 
COORDINATES: EAST: 2490056.556 
ELEVATION SURFACE: NA 

BORING NO.: 73-MW47DW 
NORTH: 309407.3725 
TOP OF PVC CASING: 9.17 

r 
tig: CM1 

iize (ID) 
,ength 

We 
Iammer Wt. 
Tall 
ternarks: 

Depth (Ft.) 

Steel casing was advanced to a depth of 1 l’, mud rotary drilling was used to reach the target depth of :15’ 

SAMPLE TYPE 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N 
Sample 
Type & 

No. 

WELL INFORMATION 

TOP 13ottom 
Tme Diarn. Depth Depth 

Schedule 40 PVC riser 
Schedule 40 PVC screen 

Nell 
I 
Elevatior 

allation (Ft. MSL 

S 

S 

S 

1.3 I 9 
65% 14 

1 20 
1 16 

1.0 22 
50% 22 

+ 

20 
.50/O 

0.1 
5% I 

W.O.H. l- 0 1 
0% W.O.H. 

.,Fine sand, some coarse gravel _ 

ne sand, trace silt, damp, dense 

a.op- x brown ’ -’ ‘, --- ----- ___..__d 

)RILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
IRILLER: Glen Lansing / Rick Navatha I Dave Crazier BORING NO.: 73-MW47DW SHEET 1 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

S = Split Spoon A = Auger 

Visual Description 

Clay, trace silt, moist, soft, plastic, 

ay, trace silt, moist, very soft, 

DRILLMG CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW47DW SH:EET 2 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW47DW 

SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D 1586) 

MR = -Mud Rotary W = Wash PID = Photo Ionization Detector Measurement 
R = Air Rotary C = Core 1 D= =D - enison P = Piston E 4=NoS 

Depth (Ft.) 

31 

Sample Sample 
Type 8c Rec. 

No. [Ft.,%) 
SPT 

nple 
PID 

hwm: 
psmg 

1 
s Detail 

m r-23 
-21.33 ! 

32 _ 

33 _ 

34 

35 

36 

S 

MRN 

37- 

38 _ 

39 
S 

40 

41 MRN 

42 

43 
S 

44 

45 

46 MRN 

47 

48 

49 

50 

S 

MRN 

I 
Continued from Sheet 2 

Fine sand, trace silt, wet, medium - 12 
11 
14 
15 

7 
7 
7 
8 

00 2 
0.0 

1 dense, gray 1.0 
50% 

i . Fme sand. trace silt. wet. loose. arav 
1.0 

50% 
8 H -J -30.33 

L 

1 
1 
1 

7 
25 
45 

5015 

0.0 
0% 

1.7 
85% 

-35.33 

-38.93 
0 

-40.33 

Match to Sheet 4 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crazier BORING NO.: 73-MW47DW SHEET 3 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW47DW 

1 SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 

MR = Mud Rotary W = Wash PID = Photo Ionization Detector Measurement 
R = Air Rotary C = Core 

nple 
PID 

mm> 

MSL = Mean Sea Level 
BG/PS = Background/Point Source 

Well - 
Visual Description Installation 

enison P = Piston 
Sample sample 
Type & Rec. 

No. t ;Ft.,%) 

D= 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

: Dc 

T 
h I=NoS 

SPT 

5014 

Elevation 
(Ft. MSL: 

-41.33 

-55.33 
-55.83 

-70.33 

ril -- 
-- 

-- 

out -- 

_- 
:ntonite 

‘W _- 

-- 

-- 

_- 

.- 

.- 

.- 
:ntonite: 

w .- 

.- 
nd 

.- 

.- 

.- 

- 

md - 

- 

IContinued from Sheet 3 

-1 Fine sand, trace silt, wet, very dense, - 
S 0.3 

15% 
0.0 gray 
0.0 

1 MRN 

Fine sand, trace silt, wet, very dense. 
light gray, trace shell fragments 

35 
50/5 

37 
37 

5014 

0.8 
40% 

MRN 

1 Medium sand, trace silt, wet, very 
0.0 dense, light gray, shell fragments, 
0.0 calcareous limestone 

S 0.7 
35% 

MRN 

Fine sand, trace silt, wet, medium den& 
light greenish gray, trace shell fragment_ 
calcarious stringers - 

69 

Match tc Sheet 5 - 

13 
IS 
16 
38 

S 2.0 
100% 

MRN 

>RILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
1RILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW47DW SHEET4 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW47DW 

I DEFINITIONS 

I 
I 

D= 

Depth (Ft.) 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

Xl 

82 

83 

84 

85 

86 

87 

88 

89 

90 

SAMPLE TYPE 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash 
R = Air Rotary C = Core 

Sample 
Type & 

No. 
Rec. 

[Ft.,%) 

S 2.0 
100% 

=NoS: 

SPT 

10 
14 
17 
33 

lple 
PID 
PPm> 
,s/bg 

0.0 
0.0 

SPT = Standard Penetration Test (ASTM D1586) SPT = Standard Penetration Test (ASTM D1586) 
PID = Photo Ionization Detector Measurement PID = Photo Ionization Detector Measurement 

“‘i”““““““‘“’ 

‘ine sand, trace silt, wet, 
ight greenish gray, trace 
alcareous stringers 

End of Boring = 75.0 

nd 

nd -65.33 
-65.83 

)RILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
IRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW47DW SHEET5 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
PROJ. NO.: CTO-0 130 
COORDINATES: EAST: 2490091.140 
ELEVATION: SURFACE: NA 

BORING NO.: 73-MW48DW 
NORTH: 309674.3 127 
TOP OF PVC CASING: 8.09 

I 

lemarks: Steel casing was advanced to a depth of 14’, mud rotary drilling was used to reach the target depth of ‘75’ 

SAMPLE TYPE 1 WELL INFORMATION 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash 

Depth (Ft.) 

1 

2 

3 

4 
A 

5 

6 

7 

8 

9 

10 

R = Air Rotary C = Core 
D = Denison P = Piston 

N 
Sample 
Type & 

No. 
AN 

S 

= 
‘ 

I 

L 

No Sample 
Sample 
Rec. SPT 

(Ft.,%) 
NA NA 

0.4 20 
40% 23 

11 
1.1 7 

55% 13 
18 
9 

1.7 9 
85% 12 

19 
12 

2.0 16 
100% 19 

26 
2 

1.9 2 
95% 2 

2 
2 

( 
J p&g 

0.0 1 Concrete 
0.0 
0.0 
0.0 

0.0 
0.0 

Fine sand, trace silt, damp, dense, gray _ 
2.0 

-----km---m-m_____- 

Fine sand, trace silt, moist, medium 
dense, dark brown - 

- 
4.0 

- Fine sand, trace silt, wet, medium 
dense dark brown 4.9 
---‘-,---------m-w-- 

Fine sand, trace silt, wet, medium 
dense, light brown 6.0 ---- ---_-_---__--- 
Fine sand, trace silt, wet, dense, - 
light brown - 

- 
8.C ‘_-_-_-_-_-_-_-_-_-- 

I . Fme sand, trace silt, wet, very loose, _ 

0.0 
0.0 

0.0 
0.0 

--------------m-m- 
Match to Sheet 2 

1.0 

6.09 

2.09 

IRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crazier BORTNG NO.: 73-MW48DW SHEET 1 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RIECORD 

PROJECT: Site 73 NA investigation 
rrn wn , m-n-ni 10 “I” I.“.. x,I”-“I_I” U”I\IIYU IV”,. I ;)-IvI YY -tou YY 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 

MR = Mud Rotary W = Wash PID = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample 
1 Sample 1 Sample1 1 PID 1 

Depth (Ft.) 

p&g = point source/background 
I Well lXiZZ& 

Type& Rec. SPT (Ppm) Visual Description Installation f (Ft. MSL: 
No. (Ft.,%) p&g -2.41 
S 2.0 1 0.0 - Fine sand, trace silt, wet, very loose, _ 1Ll 

12 

13 S 

100% 1 
2 
2 

2.0 5 
100% 5 

- 
0.0 lkht brown I I.7 - -------------_____ 

Fine sand, trace clay, wet, very 12.c - 
loose, gray 

0.0 13.c 

0.0 Clay, trace sand, moist, plastic, firm, 
14 mm/ 5 blueish gray 

15 

16 MRN 

17 

18 

19 19 

20 20 

21 21 

22 22 

23 23 

24 24 

S S 2.0 2.0 
100% 100% 

26 

27 
MRN 

Clay, trace silt, moist, very soft, plastic _ 
0.0 greenish gray 
CO 

- 

20.C - 

- 

- 

Clay, some silt, moist, very soft, plastic 
0.0 grayish brown 
,.o 

- 

25. 
- 

- 

- 

Medium sand, trace silt, wet, very loos; 
0.0 light gray, little fine gravel, coarse 
0.0 calcareous limestone fragments 

_ 

30 1 I I 1 3 1 

I I I Match to Sheet 3 

-3.61 
-3.91 

-4.91 

-5.91 

-16.91 

-21.91 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW48DW SHEET2 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW48DW 

SAMPLE TYPE 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash 
R = Air Rotary C = Core 
:nison P 
Sample 
Type & 

No. 

Piston 
:ample 
Rec. 
Ft.,%) 

=NoS, 

SPT 

I& 
PID 
mm) 
,s/bg 

I DEFINITIONS 

I SPT = Standard Penetration Test (ASTM D 1586) 
PID = Photo Ionization Detector Measurement 

--I 
MSL = Mean Sea Level 
BG/PS = Background/Point So 

Visual Description 
Well Elevation 

nstallation (Ft. MSL: 
Detail -22.41 

I D= 

Depth (Ft.) 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

I- 
:ontinued from Sheet 2 

ine to medium sand, trace clay, wet, 
tedium dense, gray, trace fine gravel S 2.0 

100% 

MRN 

‘ine sand, some silt, wet, medium de1 
reenish gray 

11 
13 
20 
19 

S 2.0 
100% 

0.0 
0.0 

MRN 

j.CJ 
0.0 

0.0 
0.0 

.iine sand, trace silt, wet, dense, 
greenish gray 

14 
22 
41 
27 

37 
5or4 

2.0 
100% 

S 

MRN 

Fine sand, trace silt, wet, very dense, 
light gray 

Match to Sheet 4 

0.8 
40% 

S 

MRN 

DRlLLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crazier BORING NO.: 73-MW48DW SHEET 3 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW48DW 

D= 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

SAMPLE TYPE 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash 
R = Air Rotary C = Core 
nison P 
Sample 
Type & 

No. 

MRN 

MRN 

Piston 
lamplt 
Rec. 
Ft % -2-d 

1.5 
75% 

1.6 
80% 

2.0 
100% 

2.0 
100% 

=NoI 

SPT 

34 
39 

5016 

40 
23 
17 
25 

20 
20 
21 
32 

14 
28 
42 

5015 

nple 
PID 

ppm: 
,s/bg 

0.0 
0.0 

0.0 
0.0 

0.0 
TO 

0.0 
-Gl 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
BGIPS = Background/Point Source 

Visual Description 

Continued from Sheet 3 

Tine sand, trace silt, wet, very dense, 
ight greenish gray 

:ine sand, trace silt, wet, dense, 
ight greenish gray 

;ine sand, trace silt, wet, dense, 
ight gray, shell fragments, small 
landstone fragments 

Tine sand, trace silt, wet, very dense, 
greenish gray, trace shell fragments 

Match to Sheet 5 

ril -42.41 

out 

&mite 
q -46.91 -- 

-51.91 

mtonitc: 
um -54.91 .- 

nd 
-56.9 1 

md 

-61.91 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing I Rick Navatha / Dave Crozier BORING NO.: 73-MW48DW SHEET 4 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW48DW 

SAMPLE TYPE I DEFINITIONS 

I IRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
I >RILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW48DW SHEET 5 OF 5 

D= 

Depth (Ft.) 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

S = Split Spoon A = Auger 
MR = Mud Rotary W = Wash 

R = Air Rotary C = Core 
:nison P 
Sample 
Type & 

No. 

MRN 

S 

Piston 
lample 
Rec. 

;Ft.,%) 

2.0 
100% 

‘=NoS 

SPT 

14 
27 
30 
45 

lple 
PID 
h-d 
ps/bg 

0.0 
0.0 

SPT = Standard Penetration Test (ASTM D1586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
BGfPS = Background/Point Source 

Visual Description 

Continued from Sheet 5 

‘ine sand, trace silt, wet, dense, 
reenish gray, trace shell fragments i 

75.0 2 

End of Boring = 75.0’ 

til 

nd 

-62.41 

md 

-66.9 1 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
PROJ. NO.: CTO-0 130 
COORDINATES: EAST: 2489898.791 
ELEVATION: SURFACE: NA 

BORING NO.: 73MW49DW 
NORTH: 30.9924.903945 
TOP OF PVC CASING: 9.67 

lig: CME 75 I I I liizix --BY--- -- 
1 Split 1 C: : 1 Augers 1 Core Date I Progress I Weather I Water 

Spoon 
asing _ 

Barrel (Ft.1 (Ft.) 
Xze (ID) 1 2” 1 

! 
1 

! 
6” 1 4127101 1 ( I.0 - 20’ Sunny, mid 70’s 4’ 

.ength 31’ I 
! 

-- , I I I 4MQfiIl I .,-.,“. 20 - 35’ sunny, low 70’S NA 
:w ?I I ,_--_ I I 4m-vn1 I .,<“,“. 35 - 75’ Sunny, mid 60’s NA 
rammer Wt. NA 
Fall NA -__ 
remarks: 

-- 
Steel casing was advanced to a depth of 2 l’, mud rotary drilling was used to reach the target depth of 75’ 

SAMPLE TYPE I WELL INFORMATION 
S = Split Spoon A = Auger 

MR = Mud Rotary W = Wash Type 

Schedule 40 PVC riser 
Schedule 40 PVC screen 

Visual Description 

Top Bottom 
Diam. Depth Depth 

(Ft.) (Ft.) 
2” 9.67 -55.33 
2” -55.33 -65.33 

Well Elevation 
Installation (Ft. MSL) Depth (Ft.) 

1 

2 

3 

4 
A 

5 

6 

7 

8 

9 

10 

R = Air Rotary C = Core 
D = Denison P = Piston 

- 

S 1 0.8 1 4 

35% 12 
9 
5 I S 1.2 4 

60% 4 
9 
7 

S 2.0 5 
100% 7 

9 
4 

S 1.9 4 
95% 1 

3 
4 

PID 
:bPm) 
psmg 

22.4 
0.0 

00 A 
0.0 

0.0 
0.0 

Fine sand, trace silt, wet, loose, brown 8 

-----_------------ 
Fine sand. trace silt.wet. loose. 

.------------- 
Fine sand, trace silt, wet, very loose, 
brown 

dark brown 

---------------m-m 
Fine sand, trace silt, moist, loose, bro 

---------------m-w 
Match to Sheet 2 

Detail 9.67 
9.62 

7.67 

5.67 

3.67 

2.37 
1.67 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW49DW SHE!ET 1 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0 130 BORING NO.: 73-MW49DW 

MR = Mud Ro PID = Photo Ionization Detector Measurement 

---------------- 
e sand, trace silt, wet, medium 

--------------- 
e sand, trace clay, wet, loose, 

‘. loose brown ‘-----1-------.-.-.--------,’ 
tine sand, trace clay, wet 

---------------/ 
Fine sand, trace silt, wet, ,,” 

’ very loose brown L-- -.----L--.---------.-~, 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW49DW SH.EET 2 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

D= 

Depth (Ft.) 

:D senison P = Piston - I 
Sample 
Type & 

No. 

iample 
Rec. 

:Ft.,%) 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

R = Air Rotary C = Core IMSL = Mean Sea Level 

S 

MRN 

S 

MRN 

S 

MRN 

S 

MRN 

1.3 
65% 

1.8 
90% 

2.0 
100% 

1.4 
70% 

n 

SPT wm) I Visual Description 

I = No Sample 
PID 1 

IBG/PS = Background/Point So 

9 
20 
26 
17 

11 
15 
11 
10 

15 
31 
46 

5014 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW49DW 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 

MR = Mud Rotary W = Wash PID = Photo Ionization Detector Measurement 

1 Fine sand, trace silt, wet, medium 
0.0 dense, trace shell fragments, greenish 
0.0 gray 

! 
Fine sand, some silt, wet, loose, 

0.0 greenish gray 
0.0 

Fine sand, some silt, wet, loose, 
greenish gray 

Fine sand, trace silt, wet, very dense, 
$.J gray, trace shell fragments 
0.0 

Match to Sheet 4 

urce 

I 
-20.83 

-25.33 

-30.33 

-35.33 

-40.33 

3RILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW49DW SHEET 3 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

R = Air Rotary C = Core 1 MSL = Mean Sea Level 
I D= 

Depth (Ft.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

enison P 
Sample 
Type & 

No. 

= Piston 
iample 
Rec. 
Ft.,%) 

nple 
PID i 

BG/PS = Background/Point Source 
I Well - 

V=NoS 

SPT 
3evation 
Ft. MSL 
-40.83 

-45.33 

-50.33 

-55.33 

-60.33 

I Fine to medium sand, trace silt, wet, 
0.0 - dense, gray, trace shell fragments 

17 
34 
24 
23 

S 1.3 
65% 

MRN 

I Fine to medium sand, trace silt, wet, 
0.0 - loose, gray, trace shell fragments 

14 
16 
13 
13 

20 
25 
23 
21 

9 
12 

i 25 
35 

S 1.5 
75% 

MRN 

1 . Fine to medium sand, trace silt, wet, 
0.0 - dense, gray, shell fragments S 1.4 

70% 
-. 

sand 0.0 
I MRN 

-. 

-. 

1 
Fine sand, trace silt, wet, medium 

0.0 dense, greenish gray, trace shell 
?Z fragments, calcareous stringers, 

small sandstone fragments 

1.5 
75% 

S 

MRN 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW49DW SHEET 4 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW49DW 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D1586) 

MR = Mud Rotary W = Wash PID = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL = Mean Sea Level 

D = Denison P = Piston N = No Sample BG/PS = Background/Point Source 
Sample Sample PID Well Elevation 

Depth (Ft.) Type & Rec. SPT hvm) Visual Description Installation (Ft. MSL: 
No. (Ft.,%) pdbg Detail -60.83 

71 Continued from Sheet 5 :* :* 

MRN --i:= :: .- ;isand - :- 
72 ,::- :: 

73 
6 Fine sand, trace silt, wet, dense, 

74 S 2.0 10 0.0 greenish gray, trace shell fragments, 
100% 22 G calcareous stringers, small sandstone 

15 43 fragments -65.33 
End of Boring = 75.0 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing I Rick Navatha / Dave Crozier BORING NO.: 73-MW49DW SHEETSOF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
PROJ. NO.: CTO-0130 
COORDINATES: EAST: 2490327.699 
ELEVATION: SURFACE: NA 

BORING NO.: 73-MW50DW 
NORTH: 3 10003.633 
TOP OF PVC CASING: 7.93 

I 
I 

.ig: CME 75 
Split l-1 Date 1 Progress 1 Weather 1 ‘?iLf” Casing Aug 

Spoon Barrel I (Ft.) I 1 W) 
ize (ID) 2” 1 6” 1 ! 1 4127101 1 0.0 - 22’ 1 Sunny, mid 70’s 1 4’ 
,ength 24” 21’ s/1/01 22 - 55’ SUI nny, high 70’s 1 NA 
he ss steel 5/2/01 55 - 75’ Sunny, low 70’s 1 NA 
[ammer Wt. 1401bs NA ! 
all 1 30 INAI I I I I I 
:emarks: Steel casing was advanced to a depth of 21.5’, mud rotary drilling was used to reach the 

target depth of 75’ 
SAMPLE TYPE I WELL INFORMATION 

S = Split Spoon A = Auger 
MR = Mud Rotary W = Wash Type 1Diam.I sh 1 I?$: 

Depth (Ft.) 

1 

2 

3 

4 
A 

5 

6 

7 

8 

9 

10 

R = Air Rotary 
D = Denison 

N=No San 
.I 

S 0.8 
40% 

I 
I 

S 1.0 
50% 

t 

S 1.3 
65% 

C = Core (Ft.) (Ft.) 
P = Piston Schedule 40 PVC riser 2” 7.93 -57.07 
npl e Schedule 40 PVC screen 2” -57.07 -67.07 

PID 1 Well Elevation 
SPT ( &ml I Visual Description I Installation 1 (!Ft. MSL) 

-1 
NA 

13 
17 
13 
27 
27 
17 
2 
2 
3 
16 
4 
2 
2 
2 
1 
2 
3 
3 
1 

Fine sand, trace silt, damp, medium 

I Fine sand, some silt, damp, dense, 
0 0 -A. brown - 0.0 
I ------- 

IFine sand, trace silt, wet, very loose, 
0.0 brown 

t 
4.71 

0.0 
-------------------I 

Clav. some sand. wet. mastic. firm. I 
t < , 
gray I 

0.0 
0.0 

0.0 
iz 

/I Fme sand, trace salt, wet, very loose, 

t 

- 

8.9 _____-----_----- ---- 

Fine sand, trace silt, wet, very loose, _ 
ibrown LO.0 _____-_-_------- ---- 

Match to Sheet 2 

>RILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
IRILLER: Glen Lansing / Rick Navatha / Dave Crazier BORING NO.: 73-MW50DW SHEET 1 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

Site 73 NA investigation 
CTO-0 130 

SAMPLE TYPE 

BORING NO.: 73-MW50DW 

I DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 
PID = Photo Ionization Detector Measurement 

S = Split Spoon A = Auger 
MR = Mud Rotary W = Wash 

R = Air Rotary C = Core 
L& 
PID 
t-w) 
,s/bg 
0.0 
Ei 

nison P = Piston N =NoS: 
Sample 
Type & 

No. 
S 

sample 
Rec. 

F 
90% 

SPT 

D= 

Depth (Ft.) 

2.0 
100% 

2.0 
100% 

S 

-2.57 
-2.77 4 

8 
8 
6 
6 
7 
5 
5 
5 
2 
3 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

-----Mm- 

IFine sand, trace silt, wet, loose, light 1 
0.0 
0.0 

0.0 
0.0 

-6.07 

S 

-8.07 
6 
3 
3 
2 
6 
3 
3 
3 
1 
1 
2 
2 

S 2.0 
100% 

0.0 
0.0 -9.77 

-10.07 
-10.67 
-10.97 

1 Clay, some sand, wet, firm, plastic I8.0 - 

1.8 
90% 

0.0 Fine sand, trace silt, wet, loose 18.9 - 
0.0 \*,_1igk brown 7 m-w-------- 

Clay, some silt, wet firm plastic 20.0 

-*,-dark brown ‘3 
c-----------w 0.- 

0.0 Clay, some silt, wet, firm, plastic 
??l dark brown 

Fine sand, some silt, wet, very loose, 

-12.07 

2.0 
100% 

0 0 -.L Ilight gray 1.2 
60% 

Match to Sheet 3 
-22.07 

IRILLING CO.: Par&t Wolff Inc. BARER REP.: David D. Schilling 
IRILLER: Glen Lansing / Rick Navatha / Dave Crazier BORING NO.: 73-MWSODW SHEET2OF 5 - 
I 
I 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MW50DW 

SAMPLE TYPE I DEFINITIONS 
S = Split Spoon A = Auger 1 SPT = Standard Penetration Test (ASTM D 1586) 

MR = Mud Rotary W = Wash 
R = Air Rotary C = Core I PID = Photo Ionization Detector Measurement 

MSL = Mean Sea Level 
N 1 D = Denison P = Piston 

1 Sample 
=NoS 

Sample 

(g2) 
SPT 

nple 
PID 

bvm> 
psmg 

1 BGtPS = Background/Point Source 
Well Elevation 

Visual Description l- Installation (Ft. MSL 

0.0 
0.0 

1.1 
55% 

Tmtin~rrvl frnm 

!ine sand, trace silt, wet, very loose 
iark gay -- -----------em 
Tine sand, trace silt, wet, very loose, 
greenish gray 

W.O.H. 
W.O.H. 
W.O.H. 

1 
1 -4 -25.77 

~~ 

-27.07 

?ne sand, some silt, wet, loose, 
greenish gray 

6 
6 
21 
41 

5015 

Fine sand, some silt, wet, loose, 
greenish gray 

---------------__ 
Fine to medium sand, trace silt 
‘\.,trace shell fragments, trace fine 

-. m-Q..,.al .wn+ AP.,".p 1t fLm.r /,' 

-36.47 
-37.07 

0.0 
0.0 

0.5 0.0 
25% 0.0 

Fine sand, trace silt, wet, very 
dense, gray 

Match to Sheet 4 
-42.07 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crazier BORING NO.: 73-MW50DW SHE:ET 3 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECX Site 73 NA investigation 
CT0 NO.: CTO-0 130 R0RThK-i NO. 7?-MW51lnW .- _._..- “- . . 

MR = Mud Rotary W = Wash PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 

Fine sand, trace silt, wet, very dense, 

Fine sand, trace silt, wet, loose, light 

Fine sand, some silt, wet, dense, 

DRILLING CO.: Parratt Wolff Inc. BARER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73MW50DW SHEET 4 OF 5 - 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Site 73 NA investigation 
CT0 NO.: CTO-0130 BORING NO.: 73-MWSODW 

Visual Description 

-- 

DRILLING CO.: Parratt Wolff Inc. BAKER REP.: David D. Schilling 
DRILLER: Glen Lansing / Rick Navatha / Dave Crozier BORING NO.: 73-MW50DW SHEET 5 OF 5 - 





-+.-...iI~ 2-J-l 
2. 3. 4. 5. 

Time (min) 

IR73-A47/MW3-8 RISING HEAD TEST 

Data Set: C:\SLUGTE-l\MW3-8R.AQT 
Date: 06/03/99 Time: 14:48:09 --- _-.-_.-. 

PROJECT INFORMATION 

Company: Baker Environmental, Inc. 
Client: LANTDIV -- 
Project: 62470-312-0000 
Test Location: MCB Camp Lejeune 
Test Well: IR73-A47/MW3-8 _- 
Test Date: May 20, 1999 

SOLUTION . .._ ._ _. _ -.. _ 

Aquifer Model: Unconfined ---.- 
Solution Method: Bouwer-Rice __---_-____ 
K = 13.42 ft/day 
y0 = 0.4358 ft -- 

Saturated Thickness: 12.5 ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 1. 

WELL DATA 

Initial Displacement: 3.378 ft Water Column Height: 13. f-t 
Casing Radius: 0.083 ft Wellbore Radius: 0.83 ft 
Screen Length: 15. ft Gravel Pack Porosity: 0.3 



AQTESOLV for Windows 
----_-._ .-. .’ -. 

Data Set: C:\SLUGTE-l\MW3-8R.AQT 
Title: IR73-A47/MW3-8 Rising Head Test 
Date: 06/03/99 
Time: 14:48:17 

IR73-A47/MW3-8 Rising Head Test 
.-.. .~.___ 

___ 
PROJECT INFORMATION -_-.--.-. _- 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-A47/MW3-8 

AQUIFER DATA 

Saturated Thickness: 12.5 ft 
Anisotropy Ratio (Kz/Kr): I. 
- ~--. ._ _ _--.---. ~.-----. 
OBSERVATION WELL DATA 

Number of observation wells: 1 

Observation Well No. 1: A47/MW3-8R --_.-_ ..-. -.- .-- 

X Location: 0. ft 
Y Location: 0. ft 

No. of observations: 157 

Observation Data -_--.. _^__ .---- 
Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) -_._--_- _- _.__. . -.-...---. - ..~. 

0.0133 0.084 0.1466 1.479 
--- 

0.28 0.927 0.7333 0.335 
0.0166 0.927 0.15 1.453 0.2833 0.914 0.75 0.322 

0.02 1.62 0.1533 1.427 0.2866 0.901 0.7666 0.322 

06/03/99 
.._ -_-_ 

1 14:48:17 



AQTESOLVforWindows IR73-A47/MW3-8 Rising Head Test 
_.-__ --..- .._. _.._ .-___ ._ ._____._. - ------ --. - .-.__--~_-. . . -.~ .._ -_--. -I___ 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) _ ___-.. ._....._.. - .-..- . -.-..- - -.- --..-. ..- _ 0.0233 2.406 0.1566 0,29 _ .._..____ -.-- 0.894 
0.7833 0.316 

0.0266 3.359 
0.03 3.378 

0.0333 2.426 
0.0366 1.959 

0.04 1.812 
0.0433 1.684 
0.0466 2.171 

0.05 2.586 
0.0533 2.547 
0.0566 2.254 

0.06 1.908 
0.0633 1.767 
0.0666 1.863 

0.07 2.055 
0.0733 2.139 
0.0766 2.062 

0.08 1.908 
0.0833 1.78 
0.0866 1.748 

0.09 1.799 
0.0933 1.857 
0.0966 1.863 

0.1 1.812 
0.1033 1.729 
0.1066 1.664 

0.11 1.652 
0.1133 1.664 
0.1166 1.671 

0.12 1.664 
0.1233 1.632 
0.1266 1.581 

0.13 1.549 
0.1333 1.53 

-.--.. _ 

0.16 
0.1633 
0.1666 

0.17 
0.1733 
0.1766 

0.18 
0.1833 
0.1866 

0.19 
0.1933 
0.1966 

0.2 
0.2033 
0.2066 

0.21 
0.2133 
0.2166 

0.22 
0.2233 
0.2266 

0.23 
0.2333 
0.2366 

0.24 
0.2433 
0.2466 

0.25 
0.2533 
0.2566 

0.26 
0.2633 
0.2666 

1.414 
1.395 
1.389 
1.376 
1.357 
1.337 
1.318 
1.305 
1.293 
1.28 

1.267 
1.248 
1.228 
1.216 
1.203 
1.19 

1.177 
1.164 
1.151 
1.138 
1.126 
1.113 
1.094 
1.081 
1.068 
1.055 
1.049 
1.036 
1.023 
1 .Ol 

0.997 
0.984 
0.978 
0.965 

0.2933 0.882 
0.2966 0.869 

0.3 0.862 
0.3033 0.849 
0.3066 0.843 

0.31 0.83 
0.3133 0.83 
0.3166 0.817 

0.32 0.805 
0.3233 0.798 
0.3266 0.792 

0.33 0.779 
0.3333 0.766 

0.35 0.727 
0.3666 0.689 
0.3833 0.65 

0.4 0.618 
0.4166 0.586 
0.4333 0.554 

0.45 0.535 
0.4666 0.515 
0.4833 0.496 

0.5 0.477 
0.5166 0.458 
0.5333 0.445 

0.55 0.432 
0.5666 0.419 
0.5833 0.406 

0.6 0.4 
0.6166 0.387 
0.6333 0.374 

0.65 0.367 
0.6666 0.361 

0.316 
0.31 

0.303 
0,297 
0.29 

0.284 
0.284 
0.277 
0.271 
0.271 
0.265 
0.265 
0.258 
0.213 
0.187 
0.162 
0.142 
0.123 
0.11 

0.097 
0.084 
0.072 
0.059 
0.046 
0.046 
0.039 
0.039 
0.033 
0.02 

0.014 
0.007 
0.001 
0.001 

-2 
-. _-...-_ 

0.8 
0.8166 
0.8333 

0.85 
0.8666 
0.8833 

0.9 
0.9166 
0.9333 

0.95 
0.9666 
0.9833 

1. 
1.2 
1.4 
1.6 
1.8 
2. 

2.2 
2.4 
2.6 
2.8 
3. 

3.2 
3.4 
3.6 
3.8 
4. 

4.2 
4.4 
4.6 
4.8 
5. 

06/03/99 
..-_-- 
14:48:17 



AQTESOLV for Windows IR73-A47/MW3-8 Rising Head Test 
_ . _ .._ _ _ -._ -. ._ _.- 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) -- -. --... .^_ . ..--. .._ - . - .I_.__._._ .._ .._. ..-.--- __... ---.. .-. -.--- 
0.1366 1.523 0.27 0.959 0.6833 0.355 

0.14 1.523 0.2733 0.946 0.7 0.348 
0.1433 1.504 0.2766 0.933 0.7166 0.342 

-I-^-..-~- -_-----.- .--. ..~ .~ .- .__---- ..- .~ 
SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

-~----.._-. .._ ..-... .--.. .--.-.--.. ._- .._.___.___ 
VISUAL ESTIMATION RESULTS --_- ..- 

Estimated Parameters -- 

Parameter Estimate ..-___. 
K 13.42 ftJday 
YO 0.4358 ft 

----- -.-.-_. _.._....._.. _-- . . 
06/03/99 3 ‘- 

- .._. -.. - _.__..^._. 
14:48:17 



IO. 
l------ 

----.- ------ IR73-MW13 FALLING HEAD TEST 

Data Set: C:\SLUGTE-l\MW13F.AQT ..-- _..... 
Date: 06/04/99 

.-. .- 
Time: 08:25:36 -. 

1. 

PROJECT INFORMATION 
E 

Company: Baker Environmental, Inc. E 

E 0.1 -Y 
Client: LANTDIV --- 

.\. I Project: 62470-312-0000 
8 ([I ‘\ Test Location: MCB Camp Lejeune 
5 

‘x. ----.-.~.. 
‘-_ 

\ 
Test Well: IR73-MWI 3 Falling Head Test .- 

Q 
(1 _.-.---_--.-- 

Test Date: May 20, 1999 
’ .\ \ 

0.01 . . . \ 
‘,.\ 

\ --X SOLUTION 

Aquifer Model: Unconfined 

0.001 Solution Method: Bouwer-Rice ___-- 
0. 

- . . -.. 
1.6 3.2 4.8 6.4 8. K = 15.77 ft/day - ..-__ .._ 

Time (min) yo= 1.194ft _-.--..- 

AQUIFER DATA . ..-. 

Saturated Thickness: 13.37 I? Anisotropy Ratio (KtlKr): 1.. 

\/l/F1 I nATA . . LLL- WI \ I I \ 

Initial Displacement: 3.013 ft Water Column Height: 14.87 ft 
Casing Radius: 0.083 ft Wellbore Radius: 0.83 ft ._ _ _ 
Screen Length: 15. ft Gravel Pack Porosity: 0.3 



AQTESOLV for Windows 

Data Set: C:\SLUGTE-I \MW13F,AQT 
Title: IR73-MWI 3 Falling Head Test 
Date: 06/04/99 
Time: 08:25:42 

PROJECT INFORMATION 

IR73-MW13 Falling Head Test 

. -- -- 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-MWI 3 Falling Head Test 

AQUIFER DATA _ . _ 

Saturated Thickness: 13.37 ft 
Anisotropy Ratio (Kz/Kr): I. 

OBSERVATION WELL.DATA _--.__-..-.--.-..-. .~. _. 

._ .._ _-- ^.... 

Number of observation wells: 1 

Observation Well No. 1: MW13F - 

X Location: 0. ft 
Y Location: 0. ft 

No. of observations: 169 

Observation Data 
Time (min) Displacement (ft) Time (min) Displacement (ft) Time @in) Displacement (ft) Time (min) Displacement (ft) - .- -.- ._.. - . 

0.0033 0.005 1.296 0.8833’ 
-. .- . . - ..- 

0.1566 1.627 0.3 0.725 
0.0066 0.012 0.16 1.413 0.3033 1.289 0.9 0.712 

0.01 0.005 0.1633 1.276 0.3066 1.289 0.9166 0.705 

06/04/99 08:25:42 



AQTESOLVforWindows IR73-MW13 Falling Head Test 
_.-._.-._ ~.._. _ ^ 

Time Cminl DisPlacement (ft) Time (mini Disolacement (ft) Time (min) Displace.ment (ft) Time (min) Displacement (ft) 
.--.-\--..‘. ._ ‘. _ 

0.0133 0.005 
\ I 

b.l$66 ' ' 
0.0166 0.005 0.17 

0.02 0.005 0.1733 
0.0233 0.012 0.1766 
0.0266 0.012 0.18 

0.03 0.005 0.1833 
0.0333 0.005 0.1866 
0.0366 0.005 0.19 
0.0433 0.005 0.1933 
0.0466 0.018 0.1966 

0.05 0.005 0.2 
0.0533 0.018 0.2033 
0.0633 0.089 0.2066 
0.0666 0.686 0.21 

0.07 1.309 0.2133 
0.0733 1.769 0.2166 
0.0766 2.088 0.22 

0.08 2.14 0.2233 
0.0833 2.315 0.2266 
0.0866 2.732 0.23 

0.09 3.013 0.2333 
0.0933 2.882 0.2366 
0.0966 2.674 0.24 

0.1 2.687 0.2433 
0.1033 2.778 0.2466 
0.1066 2.837 0.25 

0.11 2.876 0.2533 
0.1133 2.915 0.2566 
0.1166 2.895 0.26 

0.12 2.322 0.2633 
0.1233 1.361 0.2666 
0.1266 1.133 0.27 

0.13 0.621 0.2733 
0.1333 0.595 0.2766 

1.244 0.31 
1.309 0.3133 
1.432 0.3166 
1.542 0.32 
1.607 0.3233 
1.607 0.3266 
1.562 0.33 
1.484 0.3333 
1.419 0.35 
1.38 0.3666 

1.374 0.3833 
1.399 0.4 
1.438 0.4166 
1.464 0.4333 
1.471 0.45 
1.458 0.4666 
1.432 0.4833 
1.399 0.5 
1.387 0.5166 
1.374 0.5333 
1.38 0.55 
1.38 0.5666 

1.393 0.5833 
1.393 0.6 
1.393 0.6166 
1.38 0.6333 

1.367 0.65 
1.354 0.6666 
1.348 0.6833 
1.341 0.7 
1.341 0.7166 
1.341 0.7333 
1.341 0.75 
1.335 0.7666 

1.283 0.9333 0.692 
1.283 0.95 0.679 
1.283 0.9666 0.666 
1.27 0.9833 0.66 

1.263 1. 0.653 
1.263 1.2 0.53 
1.257 1.4 0.446 
1.25 1.6 0.374 

1.224 1.8 0.316 
1.205 2. 0.271 
1.179 2.2 0.232 
1.159 2.4 0.193 
1.14 2.6 0.167 
1.12 2.8 0.148 

1.101 3. 0.128 
1.088 3.2 0.115 
1.068 3.4 0.096 
1.049 3.6 0.089 
1.029 3.8 0.077 
1.01 4. 0.07 

0.997 4.2 0.064 
0.978 4.4 0.057 
0.958 4.6 0.051 
0.952 4.8 0.044 
0.932 5. 0.044 
0.919 5.2 0.031 

0.9 5.4 0.025 
0.887 5.6 0.025 
0.874 5.8 0.025 
0.861 6. 0.018 
0.848 6.2 0.018 
0.835 6.4 0.018 
0.815 6.6 0.012 
0.809 6.8 0.012 

06/04/99 2 08:25:43 



AQTESOLV for Windows IR73-MWI 3 Falling Head Test 

Time (min) Displacement (ft) Time (min) Displacement (I?) Time (min) Displacement (ft) Displacement (ft) 
6.1366 0.997 0.28 1.328 0.7833 0.796 

Tim;(min) 

7.2 
0.005 

0.14 1.419 0.2833 1.322 0.8 0.783 0.005 
0.1433 1.775 0.2866 1.315 0.8166 0.77 7.8 0.005 
0.1466 1.971 0.29 1.309 0.8333 0.763 

0.15 1.997 0.2933 1.302 0.85 0.75 
0.1533 1.853 0.2966 1.302 0.8666 0.738 

__-- 
SOLUTION ~- 

~- --.-.-.-_ .- .._ . . 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 
-_______ .._ . -..-~ . . 
VISUAL ESTIMATION RESULTS 

Estimated Parameters 

Parameter ---. 
K 
YO 

Estimate 
15.77 ftiday 
1.194 ft 

06/04/99 3 08:25:43 



10. --.- IR73-MWI 3 RISING HEAD TEST -..-. ..----... 

Data Set: C:\SLUGTE-l\MW13R.AQT ~-.-_- ._.____- 
Date: 06/l 6/99 Time: 09:42:00 ---- ---.. - 

1. 

PROJECT INFORMATION 
32 Company: Baker Environmental, Inc. 
2 

g 0.1 
Client: LANTDIV 
Project: 62470-312-0000 

3 Test Location: MCB Camp Lejeune 
s: Test Well: IR73-MWI 3 Rising Head Test .- 
n Test Date: May 20, 1999 

0.01 ::: -! 

SOLUTION 

Aquifer Model: Unconfined _.---- 

0.001 
Solution Method: Bouwer-Rice 

0. 2.4 4.8 7.2 9.6 12. K = 6.238 ft/day ~ 

Time (min) y0 = 0.3687 ft 

AQUIFER DATA ..- _... -_--.- -----__- 

Saturated Thickness: 13.37 ft Anisotropy Ratio (Kz/Kr): 1: 

\AIcI t nh-rA “YLLL UAlA 

Initial Displacement: 1.998 ft Water Column Height: 14.87 ft 
Casing Radius: 0.083 ft 

-._-- 
Wellbore Radius: 0.83 ft _-. -. 

Screen Length: 15. ft 
7--- 

Gravel Pack Porosrty: 0.3 -.. 



AQTESOLV for Windows IR73-MWI 3 Rising Head Test 
-.----------- --...-- _..- _ . . _.., ,., - 
Data Set: C:\SLUGTE-l\MW13R.AQT 
Title: IR73-MW13 Rising Head Test 
Date: 06/l 6199 
Time: 09:42:06 

~- _ -~----- _---__- ._-.--.. 
PROJECT INFORMATION 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-MW13 Rising Head Test 

----__.--.- _._ _ _. _ . . . .._ _ . ---.. 
AQUIFER DATA 

Saturated Thickness: 13.37 ft 
Anisotropy Ratio (Kz/Kr): I. 

OBSERVATION WELL DATA 

Number of observation wells: 1 

Observation Well No. 1: MW13R - 

X Location: 0. ft 
Y Location: 0. ft 

No, of observations: 186 

Observation Data 
Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) --__- --._.- ~~-___-. ..~~ ..- 

0.0066 0.138, 0.1633 1.385 0.32 0.785 1.6 0.235 
0.01 0.235 0.1666 1.372 0.3233 0.778 1.8 0.216 

0.0133 0.688 0.17 1.347 0.3266 0.765 2. 0.203 

- ..--_-._-. - . -. .._ . ..__... 
06/l 6199 1 

. _ . .- .^ _. --- 
09:42:06 



AQTESOLVforWindows IR73-MW13 Rising Head Test 
..-- . . _ . - _ . ._ -_-- ._. ..^__ ____-- 

Time (min) Displacement (ft) Time (min) Displacement(fJ) Time (min) Displacement (ft) Time (min) Displacement(ft) ------.. .- -...- ._.._ -__ -..--.- __... .-_^--... -_.-. .-_ ---.-...- -.--._-.-- --- 
0.0166 1 .Oll 0.1733 0.33 0.759 2.2 0.19 

0.02 1.379 
0.0233 1.74 
0.0266 1.418 

0.03 0.92 
0.0333 0.552 
0.0366 0.222 

0.04 0.604 
0.0433 0.856 
0.0466 0.468 

0.05 0.933 
0.0533 1.508 
0.0566 1.663 

0.06 1.953 
0.0633 1.875 
0.0666 1.94 

0.07 1.965 
0.0733 1.998 
0.0766 1.933 

0.08 1.862 
0.0833 1.811 
0.0866 1.804 

0.09 1.817 
0.0933 1.804 
0.0966 1.785 

0.1 1.74 
0.1033 1.708 
0.1066 1.688 

0.11 1.675 
0.1133 1.669 
0.1166 1.643 

0,12 1.624 
0.1233 1.598 
0.1266 1.579 

0.1766 
0.18 

0.1833 
0.1866 

0.19 
0.1933 
0.1966 

0.2 
0.2033 
0.2066 

0.21 
0.2133 
0.2166 

0.22 
0.2233 
0.2266 

0.23 
0.2333 
0.2366 

0.24 
0.2433 
0.2466 

0.25 
0.2533 
0.2566 

0.26 
0.2633 
0.2666 

0.27 
0.2733 
0.2766 

0.28 
0.2833 

1.334 
1.314 
1.301 
1.282 
1,269 
1.256 
1.237 
1.224 
1.205 
1.198 
1.179 
1.166 
1.153 
1.14 

1.121 
1.114 
1.095 
1.082 
1.069 
1.056 
1.043 
1.03 

1.017 
1.004 
0.992 
0.979 
0.972 
0.959 
0.946 
0.933 
0.92 

0.914 
0.901 
0.888 

0.3333 
0.35 

0.3666 
0.3833 

0.4 
0.4166 
0.4333 

0.45 
0.4666 
0.4833 

0.5 
0.5166 
0.5333 

0.55 
0.5666 
0.5833 

0.6 
0.6166 
0.6333 

0.65 
0.6666 
0.6833 

0.7 
0.7166 
0.7333 

0.75 
0.7666 
0.7833 

0.8 
0.8166 
0.8333 

0.85 
0.8666 

0.753 
0.714 
0.675 
0.643 
0.61 

0.585 
0.559 
0.539 
0.52 
0.5 

0.488 
0.475 
0.462 
0.449 
0.436 
0.429 
0.416 
0.41 

0.404 
0.397 
0.391 
0.384 
0.378 
0.371 
0.365 
0.365 
0.358 
0.352 
0.345 
0.345 
0.332 
0.332 
0.326 

2.4 
2.6 
2.8 
3. 

3.2 
3.4 
3.6 
3.8 
4. 

4.2 
4.4 
4.6 
4.8 
5. 

5.2 
5.4 
5.6 
5.8 
6. 

6.2 
6.4 
6.6 
6.8 
7. 

7.2 
7.4 
7.6 
7.8 
8. 

8.2 
8.4 
8.6 
8.8 

0.177 
0.171 
0.164 
0.151 
0.138 
0.132 
0.125 
0.119 
0.112 
0.099 
0.099 
0.093 
0.093 
0.08 
0.08 

0.074 
0.074 
0.074 
0.067 
0.067 
0.061 
0.054 
0.054 
0.048 
0.048 
0.041 
0.041 
0.041 
0.035 
0.028 
0.022 
0.022 
0.022 

06/l 6/99 ---- 
-_ .-_. . -. 

09:42:06 



AQTESOLV for Windows IR73-MWI 3 Rising Head Test 
. ..^.. ..__. ---.-.-_-.- I_r,l,.__._.___l_ -- ._... --...- . .---.- 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) -_ _...._ 
o, 1 3 ---.11559 

- ._. .._.___ . .._. -. _-_ ..--.-_ ._ ._.. -.-- _.. --. __I--- 
0.2866 0.882 0.8833 0.326 9. 0.015 

0.1333 1.553 0.29 0.875 0.9 0.326 9.2 0.015 
0.1366 1.527 0.2933 0.862 0.9166 0.326 9.4 0.009 

0.14 1.501 0.2966 0.849 0.9333 0.319 9.6 0.009 
0.1433 1.488 0.3 0.843 0.95 0.313 9.8 0.002 
0.1466 1.469 0.3033 0.83 0.9666 0.313 10. 0.002 

0.15 1.456 0.3066 0.817 0.9833 0.307 12. 0.009 
0.1533 1.437 0.31 0.811 1. 0.3 13. 0.015 
0.1566 1.418 0.3133 0.804 1.2 0.274 

0.16 1.398 0.3166 0.798 1.4 0.255 
--.-..-..--- - ..-.-. .._ ..-.- . .._ -__. -- -.--- -..-.------. 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

_... -... 

VISUAL ESTIMATION RESULTS 

Estimated Parameters _---_- 

Parameter Estimate 
K 6.238 - ftlday 

YO 0.3687 17 

06/l 6199 
..--- 

09:42:06 



100. ---11 
IR73-MW15 FALLING HEAD TEST 

Data Set: C:\SLUGTE-l\MW15F,AQT - -. ..-.. - . . -- -__- _ 
10. Date: 06/03/99 Time: 15:22:01 

1. PROJECT INFORMATION 
E 
E Company: Baker Environmental, Inc. _-_- 

E 0.1 
Client: LANTDlV ._--.-- 

s 
Project: 62470-31 Z-0000 -_-- 
Test Location: MCB Camp Lejeune 

5 Test Well: IR73-MWI 5 Falling Head Test .- 
13 0.01 

_ _-_..-..-.-__ 
Test Date: May 20, 1999 

0.001 
SOLUTION 

Aquifer Model: Unconfined 

1 .E-04 Solution Method: Bouwer-Rice 
0. 2. 4. 6. 8. 10. K = 14.89 ft/day 

Time (min) yo = 1.039 ft --- 

AQUIFER DATA -.. i___~--- 

Saturated Thickness: 5.68 ft Anisotropy Ratio (KtlKr): 1. - 

WELL D.A?,A ._ .-..- ~- .-. ._ _ .__ 

Initial Displacement: 2.915 ft Water Column Height: 6.68 ft 
Casing Radius: 0.083 ft 

-.- 
Wellbore Radius: 0.83 ft - _ 

Screen Length: 7. ft Gravel Pack Porosity: 0.3 - ._..-- 



IR73-MWI 5 Falling Head Test 
--- ..-. ..---- ,_. ___._ _, .____ ̂  

AQTESOLV for Windows 
..-... - . - 

Data Set: C:\SLUGTE-l\MWl SF.AQT 
Title: IR73-MWI 5 Falling Head Test 
Date: 06/03/99 
Time: 15:22:07 
--_1_----- ___-.__ _-- - .- .- 
PROJECT INFORMATION 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-MW15 Falling Head Test 

.- .._ _... - .-..---.. ..- -... - -_ --- __-___-- - --- 
AQUIFER DATA -- 

Saturated Thickness: 5.68 ft 
Anisotropy Ratio (KtlKr): 1. 

-- ----~ 
OBSERVATION WELL DATA 

Number of observation wells: 1 

Observation Well No. 1: MW15F 

X Location: 0. f? 
Y Location: 0. ft 

No. of observations: 170 

Observation Data 
Time (min) Displacement (ft) Time (min) Time 
-------_. --...---- ---- Displacement --. .-.~ (ft) .._. -2 : Time (min) Displacement 

4.05. 

(ft) (min) Disolacement (ft) 

0.0166 0.005 0.1666 
___ _... 

0.31 
.‘...- L’ 

0.947 0.9333 0.672 
0.0266 0.088 0.17 1.05 0.3133 0.947 0.95 0.665 

0.03 2.812 0.1733 1.05 0.3166 0.947 0.9666 0.659 

06/03/99 
-.. ----___. 

1 15:22:07 



AQTESOLVforWindows IR73-MW15 Falling HeadTest 
-_____-.. -. -_--. -.- ._.__..____.___ _. I 

Time (mini Disdacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Disdacement Ml 
0.03‘33 ' - ' 2.915 

-._ ___--. -. .~~~ - .~ .._ 

0.1766 0.32 
o.g41 .--:. -. _--2 . . -..!. -. ’ 

0.9833 
o.652 \I 

2.168 
1.416 
1.455 
2.027 
2.316 
2.007 
1.345 
0.954 
0.082 
0.793 
1.429 
1.647 
1.429 
1.056 
0.89 
1.018 
1.223 
1.307 
1.211 
1.082 
1.037 
1.088 
1.146 
1.166 
1.121 
1.082 
1.069 
1.088 
1.108 
1.101 
1.082 
1.069 
1.069 

0.18 
0.1833 
0.1866 

0.19 
0.1933 
0.1966 

0.2 
0.2033 
0.2066 

0.21 
0.2133 
0.2166 

0.22 
0.2233 
0.2266 

0.23 
0.2333 
0.2366 

0.24 
0.2433 
0.2466 

0.25 
0.2533 
0.2566 

0.26 
0.2633 
0.2666 

0.27 
0.2733 
0.2766 

0.28 
0.2833 
0.2866 

1.044 
1.037 
1.037 
1.037 
1.031 
1.031 
1.024 
1.018 
1.018 
1.018 
1 ,011 
1 .Ol 1 
1.011 
1.011 
1.005 
1.005 
0.999 
0.999 
0.992 
0.992 
0.992 
0.992 
0.986 
0.986 
0.979 
0.979 
0.979 
0.973 
0.973 
0.973 
0.973 
0.967 
0.967 
0.967 

0.0366 
0.04 

0.0433 
0.0466 

0.05 
0.0533 
0.0566 

0.06 
0.0633 
0.0666 

0.07 
0.0733 
0,0766 

0.08 
0.0833 
0.0866 

0.09 
0.0933 
0.0966 

0.1 
0.1033 
0.1066 

0.11 
0.1133 
0.1166 

0.12 
0.1233 
0.1266 

0.13 
0.1333 
0.1366 

0.14 
0.1433 

0.3233 0.941 
0.3266 0.941 

0.33 0.941 
0.3333 0.941 

0.35 0.922 
0.3666 0.909 
0.3833 0.909 

0.4 0.896 
0.4166 0.883 
0.4333 0.877 

0.45 0.87 
0.4666 0.858 
0.4833 0.851 

0.5 0.845 
0.5166 0.838 
0.5333 0.832 

0.55 0.819 
0.5666 0.813 
0.5833 0.806 

0.6 0.8 
0.6166 0.793 
0.6333 0.787 

0.65 0.774 
0.6666 0.774 
0.6833 0.761 

0.7 0.761 
0.7166 0.761 
0.7333 0.748 

0.75 0.742 
0.7666 0.729 
0.7833 0.729 

0.8 0.723 
0.8166 0.716 

06/03/99 2 

1. 0.646 
1.2 0.575 
1.4 0.524 
1.6 0.479 
1.8 0.434 
2. 0.396 

2.2 0.364 
2.4 0.332 
2.6 0.3 
2.8 0.274 
3. 0.255 

3.2 0.229 
3.4 0.21 
3.6 0.191 
3.8 0.178 
4. 0.165 

4.2 0.152 
4.4 0.14 
4.6 0.127 
4.8 0.114 
5. 0.108 

5.2 0.095 
5.4 0.088 
5.6 0.082 
5.8 0.069 
6. 0.063 

6.2 0.05 
6.4 0.05 
6.6 0.044 
6:8 0.044 
7. 0.031 

7.2 0.024 
7.4 0.018 

.~ _ __ 
15:22:07 



AQTESOLV for Windows IR73-MWI 5 Falling Head Test 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) _ _._--_-._~ -~.~ -.-_-. .._.__. 
0.1466 1.076 0.29 0.96 0.8333 0.71 7.6 0.012 

0.15 1.076 0.2933 0.96 0.85 0.704 7.8 0.012 
0.1533 1.069 0.2966 0.96 0.8666 0.697 8. 0.005 
0.1566 1.056 0.3 0.954 0.8833 0.691 8.2 0.005 

0.16 1.056 0.3033 0.954 0.9 0.684 
0.1633 1.05 0.3066 0.954 0.9166 0.678 

-.---- -- ---l_-- --.--_ _...... 
SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 
__- -----.-.-.-.---~---_-_----- - .- ----.-. 
VISUAL ESTIMATION RESULTS 

Estimated Parameters 

Parameter 
K 
YO 

Estimate _~- 
14.89 Friday 
1.039 ft 

06/03/99 



10. --------T IR73-MW15 RISING HEAD TEST _.- . ..” ..- ..--..-_.--.---.-. - 

Data Set: C:\SLUGTE-l\MWl SR.AQT --~ 
Date: 06/03/99 Time: l&21:46 --_-._._ - 

1. PROJECT INFORMATION 
c Company: Baker Environmental, Inc. 
E 
E 

Client: LANTDIV 
Project: 62470-312-0000 

3 m Test Location: MCB Camp Lejeune 
2 .- Test Well: IR73-MWI 5 Rising Head Test 
cl 0.1 

____ : ::I !’ I ! ! i i .i 
Test Date: May 20, 1999 

SOLUTION 

Aquifer Model: Unconfined 

0.01 
Solution Method: Bouwer-Rice 

0. 2. 4. 6. 8. 10. K = 8.489 ft./day 

Time (min) y0 = 0.8916 ft 

AQUIFER DATA .._--.-.--..-- 

Saturated Thickness: 5.68 ft Anisotropy Ratio (Kz/Kr): I. - 

\hlFI I nATA ““LLL Y, \I, \ --.-- -- --~ 

Initial Displacement: 2.725 ft Water Column Height: 6.68 ft 
Casing Radius: 0.083 ft Wellbore Radius: 0.83 ft -_-- 
Screen Length: 7. ft 

-- ._._ 
Gravel Pack Porosity: 0.3 _.- ._. _. 



AQTESOLV for Windows 
-._-___ - ._ 

Data Set: C:\SLUGTE-l\MW15R,AQT 
Title: IR73-MW15 Rising Head Test 
Date: 06/03/99 
Time: 15:21:53 

IR73-MWI 5 Rising Head Test 
__ ..-.---. _.. _. ._..._.__ _ _......_. .___~ 

PROJECT INFORMATION 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-MW15 Rising Head Test 

AQUIFER DATA 

Saturated Thickness: 5.68 ft 
Anisotropy Ratio (Kz/Kr): I. 

-----____ 
OBSERVATION WELL DATA .--.-- - 

Number of observation wells: 1 

Observation Well No. 1: MWISR 

X Location: 0. ft 
Y Location: 0. ft 

No. of observations: 185 

Observation Data 
Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) 

0.0033 0.033 0.16 1.088 0.3166 0.973 1.4 0.615 
0.0066 0.896 0.1633 1.088 0.32 0.973 1.6 0.571 

0.01 2.166 0.1666 1.082 0.3233 0.973 1.8 0.532 

06/03/99 
._ _..-.. _l--_- _..... 

1 
.___ 
15:21:53 



AQTESOLV for Windows IR73-MWI 5 Rising Head Test 
__----.~_~ .---...- .-..-.- - ._.. ..-...- - _ -. _. . .._. _ . _-. --__-_-____...- .^- .____ - ..-_-- 

Time (min) Displacement (ft) Time (min) DisDlacement Cft) Time Cmin) Dislslacement (ft) Time Cmin) DisPlacement (ft1 
0.0133 2.725 0.17 
0.0166 0.928 0.1733 

0.02 0.513 0.1766 
0.0233 0.404 0.18 
0.0266 1.228 0.1833 

0.03 1.764 0.1866 
0.0333 1.292 0.19 
0.0366 1.267 0.1933 

0.04 1.452 0.1966 
0.0433 1.369 0.2 
0.0466 1.273 0.2033 

0.05 1.331 0.2066 
0.0533 1.324 0.21 
0.0566 1.267 0.2133 

0.06 1.267 0.2166 
0.0633 1.273 0.22 
0.0666 1.254 0.2233 

0.07 1.235 0.2266 
0.0733 1.235 0.23 
0.0766 1.228 0.2333 

0.08 1.216 0.2366 
0.0833 1.203 0.24 
0.0866 1.197 0.2433 

0.09 1.19 0.2466 
0.0933 1.184 0.25 
0.0966 1.177 0.2533 

0.1 1.171 0.2566 
0.1033 1.165 0.26 
0.1066 1.158 0.2633 

0.11 1.152 0.2666 
0.1133 1.145 0.27 
0.1166 1.139 0.2733 

0.12 1.139 0.2766 
0.1233 1.133 0.28 

_----... 
06/03/99 

. . .-..- . . ._ .-_.. 

1.082 
1.075 
1.069 
1.069 
1.062 
1.062 
1.062 
1.056 
1.056 
1.05 

1.043 
1.043 
1.043 
1.043 
1.037 
1.037 
1.031 
1.031 
1.031 
1.024 
1.024 
1.018 
1.018 
1.018 
1 .Oll 
1.011 
1.011 
1.011 
1.005 
1.005 
0.999 
0.999 
0.999 
0.992 

.._ 

0.3266 
0.33 

0.3333 
0.35 

0.3666 
0.3833 

0.4 
0.4166 
0.4333 

0.45 
0.4666 
0.4833 

0.5 
0.5166 
0.5333 

0.55 
0.5666 
0.5833 

0.6 
0.6166 
0.6333 

0.65 
0.6666 
0.6833 

0.7 
0.7166 
0.7333 

0.75 
0.7666 
0.7833 

0.8 
0.8166 
0.8333 

0.85 

2 

_. _.- - 
0.973 
0.967 
0.967 
0.96 

0.954 
0.941 
0.935 
0.922 
0.916 
0.909 
0.903 
0.89 
0.89 

0.877 
0.871 
0.871 
0.858 
0.852 
0.845 
0.839 
0.833 
0.833 
0.82 

0.813 
0.813 
0.801 
0.801 
0.794 
0.788 
0.781 
0.775 
0.775 
0.769 
0.762 

‘..L - t ,- 8 ---L.-c 
fi 0.507 

2fi 
2.4 
2.6 
2.8 
3. 

3.2 
3.4 
3.6 
3.8 
4. 

4.2 
4.4 
4.6 
4.8 
5. 

5.2 
5.4 
5.6 
5.8 
6. 

6.2 
6.4 
6.6 
6.8 
7. 

7.2 
7.4 
7.6 
7.8 
8. 

8.2 
8.4 
8.6 

0.468 
0.443 
0.417 
0.391 
0.372 
0.353 
0.34 

0.321 
0.308 
0.289 
0.283 
0.27 

0.257 
0.244 
0.232 
0.225 
0.219 
0.206 

0.2 
0.187 
0.18 

0.174 
0.174 
0.168 
0.168 
0.168 
0.161 
0.155 
0.142 
0.142 
0.142 
0.136 
0.129 

_---..- .-. _.- 
i&21:53 



AQTESOLV for Windows IR73-MWI 5 Rising Head Test 
-.-..--.-.---.. ~.--._ ._ .__ ____ _ . -.. ._ . _. . _. .._ _ _I-- 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) .--__- , .126 ---. ..‘:2833- ._..-._.-._ o,992..- __ ..-_--..~ -.-.-___- -_--..--- 
0.1266 0.8666 0.756 8.8 0.129 

0.13 1.126 
0.1333 1.114 
0.1366 1.114 

0.14 1.107 
0.1433 1.101 
0.1466 1.101 

0.15 1.101 
0.1533 1.094 
0.1566 1.088 

-_---- 
SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

0.2866 0.992 0.8833 0.749 9. 0.129 
0.29 0.986 0.9 0.743 9.2 0.129 

0.2933 0.986 0.9166 0.743 9.4 0.129 
0.2966 0.992 0.9333 0.737 9.6 0.129 

0.3 0.986 0.95 0.73 9.8 0.129 
0.3033 0.979 0.9666 0.724 IO. 0.123 
0.3066 0.986 0.9833 0.724 

0.31 0.979 1. 0.718 
0.3133 0.979 1.2 0.66 

-.- . . . -------- --.. - _ _. .--- _..-.. ..-- 
VISUAL ESTIMATION RESULTS 

Estimated Parameters 

Parameter .---- --. 
K 

YO, 

Estimate 
8.489 ftlday 

0.8916 ft 

-... ~~.~.. ~..-. .-_--.- -...-.- ..__. ._._.._... . -_-. . . ..". .- -._._.____._ - . -._.--.___- 
06/03/99 3 15:21:53 



IR73-MW27 FALLING HEAD TEST .-.. . 

Data Set: C:\SLUGTE-l\MW27F,AQT ____.. -- ..-.-... ..__ I_---__. 
Date: 06/04/99 Time: 11:41:05 

PROJECT INFORMATION -..__- 

Company: Baker Environmental, Inc. 
Client: LANTDIV -- 

. . Project: 62470-312-0000 --.- 
Test Location: MCB Camp Lejeune I_-_- 
Test Well: IR73-MW27 Falling Head Test 
Test Date: May 2&J p?. 

SOLUTION - 

Aquifer Model: Unconfined ---- 
Solution Method: Bouwer-Rice 

0. 0.4 0.8 1.2 1.6 2. K = 14.83 ftfday 
Time (min) 

-- 
yo = 0.5707 ft 

AQUIFER DATA 

Saturated Thickness: 11.68 ft Anisotropy Ratio (Kz/Kr): 1. _.-. 

\/VI=1 I nATA . S1LL WI \I, \ 

Initial Displacement: 1.722 ft Water Column Height: 14.68 ft _-..- _ - 
Casing Radius: 0.083 ft 

- ,. ._ -. 
Wellbore Radius: 0.83 ft --._-. 

Screen Length: 15. ft Gravel Pack Porosity: 0.3 

- 



IR73-MW27 Falling Head Test 
__ .- --.-.-- - 

AQTESOLV for Windows 

Data Set: C:\SLUGTE-l\MW27F.AQT 
Title: IR73-MW27 Falling Head Test 
Date: 06104199 
Time: 11:41:10 
_____---_-__--- ~. . . ..- ~~... . -.-.- ..~~. ._ .--. __--_I_-.-... ..-.-... - ..-_.- -. -. 
PROJECT INFORMATION 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-MW27 Falling Head Test 
---.- ..---------.-_-_.- . . 

AQUIFER DATA 
- ..~_ -~..-- ..- .-_ 

Saturated Thickness: II .68 ft 
Anisotropy Ratio (Kz/Kr): 1. 
___-I- __- - - - I _ .  

OBSERVATION WELL DATA 

Number of observation wells: 1 

Observation Well No. 1: MW27F . ---- - 

X Location: 0. ft 
Y Location: 0. ft 

No. of observations: 185 

Observation Data - _... - ..-.... - -..-...^ -.-._ 
Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) -- I____ --.- -... .- ~--.. 

0.0033 
_.. 

0.2 
.-._---- -.._ -. ._. 

O.i6 0.638 
Displacement (ft) Time (min) Disolacement (I?) 

0.3166 .-__ - -.. .--.-. A.--C 0.47 -2 - - 1.4 0.252 
0.0066 0.2 

0.01 0.206 0.625 
0.32 

0.3233 
1.6 
1.8 

I____--~ . - . -  .  . . _  .~ 

06/04/99 
-. - . _ ..- . .-.._. _.. .._.______ .__ ____ 

1 
---___ 
11:41:10 



AQTESOLVforWindows lR73-MW27 Falling HeadTest _ 
-------.-- ..-. - ._._. - -._-.__ _. ..-. -..---l ._.. - .._ -... -.- _-.... _._ --- _.... - _.._.__ -.. _____-. -.._ 

Iime (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) DJplacement(ft) --- .._ .- --.. ---.- ..-- ._._ -...-. -. - . ..____ ..- -- .-.- 
0.0133 0.2 0.17 0.612 0.3266 0.464 0 0.226 
0.0166 

0.02 
0.0233 
0.0266 

0.03 
0.0333 
0.0366 

0.04 
0.0433 
0.0466 

0.05 
0.0533 
0.0566 
0.06 

0.0633 
0.0666 

0.07 
0.0733 
0.0766 

0.08 
0.0833 
0.0866 

0.09 
0.0933 
0.0966 

0.1 
0.1033 
0.1066 

0.11 
0.1133 
0.1166 

0.12 
0.1233 

0.2 0.1733 0.606 0.33 0.464 
0.2 0.1766 0.599 0.3333 0.464 
0.2 0.18 0.599 0.35 0.445 
0.2 0.1833 0.593 0.3666 0.445 
0.2 0.1866 0.586 0.3833 0.432 
0.2 0.19 0.58 0.4 0.425 
0.2 0.1933 0.574 0.4166 0.419 

0.252 0.1966 0.574 0.4333 0.413 
0.2 0.2 0.567 0.45 0.406 

0.194 0.2033 0.561 0.4666 0.4 
0.2 0.2066 0.554 0.4833 0.393 

0.213 0.21 0.554 0.5 0.393 
0.213 0.2133 0.548 0.5166 0.38 
0.206 0.2166 0.548 0.5333 0.38 
0.954 0.22 0.541 0.55 0.374 
1.651 0.2233 0.535 0.5666 0.367 
0.935 0.2266 0.541 0.5833 0.361 
1.018 0.23 0.541 0.6 0.355 
1.199 0.2333 0.522 0.6166 0.355 
1.406 0.2366 0.516 0.6333 0.348 
1.619 0.24 0.522 0.65 0.348 
1.722 0.2433 0.528 0.6666 0.348 
1 a696 0.2466 0.516 0.6833 0.342 
1.619 0.25 0.516 0.7 0.342 
1.586 0.2533 0.509 0.7166 0.335 
1.586 0.2566 0.509 0.7333 0.329 
1.606 0.26 0.509 0.75 0.329 
1.444 0.2633 0.503 0.7666 0.329 
1.167 0.2666 0.503 0.7833 0.322 
0.516 0.27 0.496 0.8 0,326 
0.322 0.2733 0.496 0.8166 0.316 
0.844 0.2766 0.496 0.8333 0.309 
1.16 0.28 0.49 0.85 0.309 

2; 
2.4 
2.6 
2.8 
3. 

3.2 
3.4 
3.6 
3.8 
4. 

4.2 
4.4 
4.6 
4.8 
5. 

5.2 
5.4 
5.6 
5.8 
6. 

6.2 
6.4 
6.6 
6.8 
7. 

7.2 
7.4 
7.6 
7.8 
8 

ii 
8.4 
8.6 

0.219 
0.219 
0.219 
0.213 
0.206 
0.213 
0.213 
0.206 
0.213 
0.213 

0.2 
0.206 

0.2 
0.2 
0.2 
0.2 

0.194 
0.2 

0.226 
0.206 
0.194 
0.194 
0.194 
0.194 
0.194 
0.194 
0.187 
0.187 
0.187 
0.18? 
0.187 
0.187 
0.187 

-...--- _.... _ 
06/04/99 2 

- ..- .- ._.... __. 
11.41.10 



AQTESOLV for Windows IR73-MW27 Falling Head Test 
.-_-_ - ..-- - -..- - ._..-- - .- ~. -- . _ 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) __I .-.. --..---._- .-..-._ 
0.1266 1.302 0.2833 0.483 0.8666 0.303 8.8 0.187 

0.13 
0.1333 
0.1366 

0.14 
0.1433 
0.1466 

0.15 
0.1533 
0.1566 

-_-.- 
SOLUTION -- _-_ 

0.831 0.2866 0.483 0.8833 
0.567 0.29 0.483 0.9 
0.309 0.2933 0.483 0.9166 
0.509 0.2966 0.483 0.9333 
0.67 0.3 0.477 0.95 

0.754 0.3033 0.477 0.9666 
0.715 0.3066 0.477 0.9833 
0.632 0.31 0.477 1. 
0.612 0.3133 0.47 1.2 

0.303 9. 0.187 
0.303 9.2 0.187 
0.303 9.4 0.187 
0.297 9.6 0.187 
0.297 9.8 0.181 
0.29 10. 0.181 
0.29 
0.29 

0.264 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

___---~-----_-_ . . . ..-. - . ..-.._._-... -..-_-..-.. .~~. .~ ..- ..__. -.__I~__ -- - 
VISUAL ESTIMATION RESULTS 

Estimated Parameters 

Parameter Estimate 
K 14.83 ftlday 
YO 0.5707 ft 

I_- . ..- ..---.--..-__ 
06/04/99 11:41:10 



--_-. 
IR73-MW29 FALLING HEAD TEST ----- _ _- 

Data Set: CISLUGTE-l\MW29F.AQT 
Date: 06/l 6/99 Time: 11:02:26 ---_-__ 

PROJECT INFORMATION 
sz 

___-. 

E Company: Baker Environmental, Inc. 

ii! Client: LANTDIV 

D 
Project: 62470-312-0000 
Test Location: MCB Camp Lejeune 

3 .- Test Well: IR73-MW29 Falling Head Test 
cl Test Date: May 20, 1999 - 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 

0. 2. 4. 6. 8. IO. K = 10.45 ft/day 
Time (min) y0 = 0.3883 ft 

AQUIFER DATA 

Saturated Thickness: 13.72 ft Anisotropy Ratio (Kz/Kr): 1. --. 

\A/Fl I DATA . .bWh I, ,I, \ 

Initial Displacement: 3.752 ft Water Column Height: 15.22 ft 
Casing Radius: 0.083 ft Wellbore Radius: 0.83 ft’ -. .-~ .-- 
Screen Length: 15. ft Gravel Pack Porosity: 0.3 --.. 



AQTESOLV for Windows 

Data Set: C:\SLUGTE-l\MW;ZgF.AQT 
Title: IR73-MW29 Falling Head Test 
Date: 06/16/99 
Time: 11:02:32 

IR73-MW29 Falling Head Test 

PROJECT INFORMATION ----- 

Company: Baker Environmental, Inc. 
Client: LANTDIV 
Project: 62470-312-0000 
Location: MCB Camp Lejeune 
Test Date: May 20, 1999 
Test Well: IR73-MW29 Falling Head Test 

AQUIFER DATA -..-._ 

Saturated Thickness: 13.72 ft 
Anisotropy Ratio (KrlKr): 1. 

OBSERVATION WELL DATA 
--.-l__- 

Number of observation wells: 1 

Observation Well No. 1: MW29F --~- 

X Location: 0. ft 
Y Location: 0. ft 

No. of observations: 173 

Observation Data 
Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) 

- 
-.. 

--1,725 
-... - . . . . . . ..-.- I ..-.. -:.L. -- 

0.0166 0.1666 0.9 0.3133 0.57 0.9666 0.239 
0.02 3.882 0.17 0.894 0.3166 0.563 0.9833 0.239 

0.0233 3.862 0.1733 0.868 0.32 0,557 1. 0.233 

-- _..._ -... - 
06/I 6199 1 11:02:32 



AQTESOLVforWindows IR73-MW29 Falling Head Test 
--.- 

Time (min) DiscJacem$(ft) Time (min) Displacernxt (ft) Time (min) Displacement (ft) Time (min) Displacement(ft) 
--.-.-L---L .-.--_-.-. 

0.0266 3.366 0.3233 0.55 1.2 0.2 
0.03 

0.0333 
0.0366 

0.04 
0.0433 
0.0466 

0.05 
0.0533 
0.0566 

0.06 
0.0633 
0.0666 

0.07 
0.0733 

0.08 
0.0833 
0.0866 

0.09 
0.0933 
0.0966 

0.1 
0.1033 
0.1066 

0.11 
0.1133 
0.1166 

0.12 
0.1233 
0.1266 

0.13 
0.1333 
0.1366 

0.14 

2.962 
2.408 
2.128 
2.424 
2.773 
2.962 
2.968 
2.662 
2.642 
2.584 
2.56 

2.625 
2.649 
1.731 
0.712 
1.14 

1.221 
1.539 
1.744 
1.329 
0.81 
0.81 
1.121 
1.296 
1.296 
1.127 
0.952 
0.933 
1.043 
1.114 
1.059 
0.991 
0.926 

0.18 
0.1833 
0.1866 

0.19 
0.1933 
0.1966 

0.2 
0.2033 
0.2066 

0.21 
0.2133 
0.2166 

0.22 
0.2233 
0.2266 

0.23 
0.2333 
0.2366 

0.24 
0.2433 
0.2466 

0.25 
0.2533 
0.2566 

0.26 
0.2633 
0.2666 

0.27 
0.2733 
0.2766 

0.28 
0.2833 
0.2866 

0.1766 0.848 
0.842 
0.835 
0.699 
0.693 
0.81 

0.797 
0.79 

0.784 
0.777 
0.764 
0.758 
0.745 
0.738 
0.732 
0.725 
0.719 
0.706 
0.669 
0.693 
0.686 
0.68 

0.673 
0.667 
0.66 

0.654 
0.647 
0.641 
0.635 
0.628 
0.622 
0.622 
0.615 
0.609 

0.3266 0.55 
0.33 0.544 

0.3333 0.537 
0.35 0.511 

0.3666 0.462 
0.3833 0.442 

0.4 0.423 
0.4166 0.41 
0.4333 0.397 

0.45 0.384 
0.4666 0.371 
0.4833 0.358 

0.5 0.326 
0.5166 0.183 
0.5333 0.209 

0.55 0.287 
0.5666 0.313 
0.5833 0.306 

0.6 0.3 
0.6166 0.293 
0.6333 0.287 

0.65 0.281 
0.6666 0.174 
0.6833 0.168 

0.7 0.168 
0.7166 0.155 
0.7333 0.155 

0.75 0.155 
0.7666 0.148 
0.7833 0.142 

0.8 0.135 
0.8166 0.135 
0.8333 0.135 

1.4 0.181 
1.6 0.168 
1.8 0.155 
2. 0.149 

2.2 0.142 
2.4 0.123 
2.6 0.11 
2.8 0.097 
3. 0.084 

3.2 0.077 
3.4 0.071 
3.6 0.065 
3.8 0.065 
4. 0.058 

4.2 0.052 
4.4 0.052 
4.6 0.058 
4.8 0.052 
5. 0.052 

5.2 0.052 
5.4 0.045 
5.6 0.039 
5.8 0.002 
6. 0.026 

6.2 0.019 
6.4 0.026 
6.6 0.019 
6.8 0.019 
7. 0.013 

7.2 0.013 
7.4 0.013 
7.6 0.013 
7.8 0.006 

_ ..-~- 
11:02:32 06/16/99 2 



AQTESOLV for Windows 
..-.--__--.~ -.... ..-. 

IR73-MW29 Falling Head Test 
.-. ..- ..-_-.. ._..... -.- -._-__ ._... 

Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) Time (min) Displacement (ft) _--_..-- ..- ._._...... -.--_-. .._. .-.--._.--_- ._. . .._.~ ~- .~. ____....._ 
0.1433 0.939 0.29 0.602 0.85 0.129 8. 0.006 
0.1466 0.978 0.2933 0.596 0.8666 0.129 9. 0.006 

0.15 0.955 0.2966 0.589 0.8833 0.252 9.2 0.013 
0.1533 0.952 0.3 0.589 0.9 0,252 9.4 0.006 
0.1566 0.877 0.3033 0.583 0.9166 0.246 

0.16 0.894 0.3066 0.576 0.9333 0.246 
0.1633 0.864 0.31 0.57 0.95 0.239 

SOLUTION 

Aquifer Model: Unconfined 
Solution Method: Bouwer-Rice 
_- - -. 
VISUAL ESTIMATION RESULTS 

Estimated Parameters 

Parameter Estimate -__I. 
K 10.45 ftlday 
YO 0.3883 ft 

._.._.. _ .._ 
06/l 6/99 3 11:02:32 





ANALYTICAL RESULTS 
IDW 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

SAMPLE ID IR73-IDW-Sl-98D 

SAMPLE DATE 1 l/19/98 

Cyanide, releasable (m&g) 0.296 

Sulfide, releasable (m&g) 10 



ANALYTICAL RESULTS 
IDW 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

SAMPLE ID IR73-IDWTNK-98D 

SAMPLE DATE 1 l/19/98 

Residue, total filterable (mg/l) 383 

Residue, total nonfilterable (mgfl) 46 

Cyanide, total (mgil) 0.01 u 





ANALYTICAL RESULTS 
IDW 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

SAMPLE ID 

SAMPLE DATE 

SEMIVOLATILES (q/l) 
1,2,4-Trichlorobenzene 

1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

2,2’-oxybis( I-Chloropropane) 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

2,4-Dinitrophenol 

2,4-Dinitiotoluene 

2,6-Dinitrotoluene 

2Xhloronaphthalene 

2-Chlorophenol 

2-Methyl-4,6-dinitrophenol 

P-Methylnaphthalene 

2.Methylphenol 

2-Nitroaniline 

2-Nitrophenol 

3,3’-Dichlorobenzidine 

3-Nitroaniline 

4-Bromophenyl phenyl ether 

4-Chloro-3-methylphenol 

4-Chloroaniline 

4-Chlorophenyl phenyl ether 

4-Methylphenol 

4-Nitroaniline 

4.Nitrophenol 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benz[a]antbracene 

Benzo[a]pyrene 

IR73-IDW-Sl-98D 

1 l/19/98 

NA 

NA 

NA 

10 u 

NA 

50 u 

10 u 

NA 

NA 

NA 

10 u 

NA 

NA 

NA 

NA 

NA 

10 u 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10 u 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

IR73-IDWTNK-98D 

1 l/19/98 

10 u 

10 u 

10 u 

10 u 

10 u 

25 U 

10 u 

IO u 

IO u 

25 U 

10 u 

10 u 

10 u 

10 u 

25 U 
IO u 
IO u 
25 U 
10 u 
IO u 

25 U 

10 u 

10 u 

IO u 

IO u 

10 u 

25 u 

25 U 

10 u 

10 u 

10 u 

10 u 

10 u 



ANALYTICAL RESULTS 
IDW 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

SAMPLE ID 

SAMPLE DATE 

SEMIVOLATILES (@I) (cant) 

Benzo[b]fluoranthene 

Benzo[ghi]perylene 

Benzo[k]fluoranthene 

Benzyl butyl phthalate 

bis(2Xhloroethoxy)methane 

bis(2Xhloroethyl) ether 

bis(2-Ethylhexyl) phthalate 

Carbazole 

Chrysene 

Dibenz[a,h]anthracene 

Dibenzoftwan 

Diethyl phthalate 

Dimethyl phthalate 

Di-n-butyl phthalate 

Di-n-octyl phthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocyclopentadiene 

Hexachloroethane 

Indeno[ 1,2,3-cdjpyrene 

Isophorone 

Naphthalene 

Nitrobenzene 

N-Nitrosodi-n-propylamine 

N-Nitrosodiphenyiamine 

Pentachlorophenol 

Phenanthrene 

Phenol 

Pyrene 

Pyridine 

IR73-IDW-Sl-98D 

1 l/19/98 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10 u 

10 u 

NA 

10 u 

NA 

NA 

NA 

10 u 

NA 
__. 
NA 

50 u 

NA 

NA 

NA 

10 u 

IR73-IDWTNK-98D 

1 l/19/98 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

35 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

10 u 

IO u 

10 u 

10 u 

IO u 

10 u 

10 u 

IO u 

10 u 

iO ii 

25 U 

10 u 

25 

10 u 

NA 



ANALYTICAL RESULTS 
IDW 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

SAMPLE ID 

SAMPLE DATE 

PESTICIDES/PCBs (@I) 

4,4’-DDD 

4,4’-DDE 

4,4’-DDT 

Aldrin 

Dieldrin 

Endosulfan I 

Endosulfan II 

Endosulfan sulfate 

Endrin 

Endrin aldehyde 

Endrin ketone 

Heptachlor 

Heptachlor epoxide 

Methoxychlor 

Toxaphene 

alpha-BHC 

alpha-Chlordane 

beta-BHC 

delta-BHC 

gamma-BHC 

gammaChlordane 

Aroclor 1016 

Aroclor 1221 

Aroclor 1232 

Aroclot 1242 

Aroclor 1248 

Aroclor 1254 

Aroclor 1260 

2,4,5-TP 

2,4-D 

IR73-IDW-S l -98D 

1 l/19/98 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.5 u 

NA 

NA 

0.25 U 

0.25 U 

2.5 u 

25 U 

NA 

NA 

NA 

NA 

0.25 U 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

17 u 

120 u 

IR73-IDWTNK-98D 

1 l/19/98 

0.1 u 

0.1 u 

0.1 u 

0.05 u 

0.1 u 

0.05 u 

0.1 u 

0.1 u 

0.1 u 

0.1 u 

0.1 u 

0.05 u 

0.05 u 

0.5 u 

5u 

0.05 u 

0.05 u 

0.05 u 

0.05 u 

0.05 u 

0.05 u 

IU 

2u 

1U 

1u 

1u 

1u 

1u 

NA 

NA 



ANALYTICAL RESULTS 
IDW 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

SAMPLE ID IR73-IDW-Sl-98D 

SAMPLE DATE 1 l/19/98 

METALS (q/l) 
Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Chlordane, technical 

2u 

83.2 B 

0.6 U 

3u 

1.9 B 

0.2 u 

13.4 B 

1U 

2.5 U 

Pnw 1 of 1 





UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
(X0-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

l,l,l-Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,l -Dich!oroethane 

l,l-Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2.Butanone 

2.Hexanone 

4-Methyl-2.pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromofotm 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis- 1 ,I-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 
teti-B@jl methyl ether 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

trans-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

lR73-ISOl-03-98D lR73-ISOl-05.98D IR73-IS02.04-98D IR73-IS02-04D-98D IR73-IS02-06.98D IR73-IS03-04-98D IR73-IS03-06.98D 
1 l/10/98 1 l/10/98 1 l/l l/98 11/11/98 1 l/12/98 1111 l/98 1 l/l l/98 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

10 u 10 u 10 u 

10 u 10 u 10 u 

10 u 10 u 10 u 

10 u 10 u 10 u 
5u 5u 5u 
5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 
5u 5u SU 
5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

NA NA NA 

5u 5u 5u 

5u 5u 5u 

5u 5u 2J 

5u 5u 5u 

5U 5u 5u 

?!A >?‘A NA 

5u 5u 5U 

5u 5u 5u 

NA NA NA 

5u 5U 5u 

5u 5u 1J 

5u 5u 5u 

5u 5u 1J 

5U 5u 5u 5u 

5u 5u 5u 5u 

5u 5u 5u 5u 
5u 5u 5u 5u 

5u 5U 5u 5u 

5u 5u 5u 5u 
5U NA 35 45 

5u 5u 5u 5u 

10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 10 u 25 10 u 
5u 5u 35 35 
5u SU 5u 5u 

5u 5u 5u 5u 
5u 5u 5u 5u 
5U 5u 5u 5u 
5u 5u 5u 5u 
5u 5u 5u 5u 
5u 5u 5u 5u 
5U 5u 5u 5u 

5u 5u 5u 5u 

NA 8 NA NA 
5u 5U 5u 5u 

5u 5u 5u 5u 

23 5u 5u 5u 

5u 5u 5u 5u 

5u 5u 5u 5u 

N.4 NA NA N-4 

5u 5u 5u 5u 

5u 5u 5u 5u 

NA 45 NA NA 
5u 5u 5u 5u 
5u 6 10 14 
5u 5u 5u 5u 

1J 5u 1J 5u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (up/L) 

l,l,l-Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,1-Dichloroethane 

1,l -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 
2-Butanone 

2.Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disultide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

ten-Butyi methyi ether 

Tetrachloroethene 

Toluene 

tram-1,2-Dichloroethene 

trans.1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

UPPER SURFICXAL GROUNDWATER ANALYTICAL RESULTS 
SITE 13 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-IS03-08-98D IR73-IS04-04.98D IR73-IS04.06.98D IR73-IS04-08-98D IR73-IS05-04-98D IR73-IS05-04D-98D IR73-IS05-06.98D 

11111198 1 l/12/98 lll12198 1 i/12/98 1 l/13/98 11113/98 11/13/98 

5u 5u 5U 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

5u 5u 5u 

47 NA NA 

5u 5u 5u 

10 u 10 u 10 u 

10 u 10 u 10 u 

10 u 10 u 10 u 

10 u 10 u 10 u 

5u 16 11 

5u 5U 5u 

5u 5u 5u 

5u SU 5u 

5u SU 5u 

5u 5u 5u 

5u 5u 5u 

5u SU 5u 

5u SU 5u 

5u SU 5u 

NA SU 32 

5u 5U 5U 

5u SU 5u 

5u 5u 5u 

5u 5u 5u 

5u su 5u 

NA NA ?!A 

5u 5u 5u 

5u 5U 5u 

NA 5u 4s 

5u SU 5u 

160 5u 8 

5u SU 6 

5u su 5u 

5u 1u 1U 1u 
5u 1u 1U 1u 
5u 1u 1u 1u 

5u 1u 1u 1u 
5u 1u 1u 1u 
5u IU 1u 1u 

NA NA NA NA 

5U 1u 1U 1u 
10 u 2u 2u 2u 

10 u 2u 2u 2u 

10 u 2u 2u 2u 
10 u 2u 2u 2u 
5u 1u 1u 9 
5u 1u 1u 1u 
5u 1u 1u 1u 
5u IU 1U 1u 
5u IU 1U 1u 
5u 1u 1u 1u 
5u 1u 1u 1u 

5u 1u 1U IU 

5u IU 1u 1u 

5u 1u 1u 1u 

130 1u 1u 18 

5u 1u 1u 1u 

5u 1u 1u 1u 

5u 1u 1u 1u 

5u 1u 1U 1u 

5u 1U 1u 1u 
NA NA NA NA 

5u 1u IU IU 

5u 1u 1U 1u 

7 1U 1u 19 

5u IU 1u 1u 

48 1U 1u 6 

19 IU 1u 1u 

5u 3 3 3 



UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID IR73-IS06-04-98D IR73-1S06.06-98D IR73-IS07-04-98D IR73-IS07-0698D IR73-IS08-02.98D IR73-IS08.04-98D IR73-IS09-03.98D 

SAMPLE DATE 1 l/12/98 1 l/12/98 1 l/12/98 1 Ill2198 11/11/98 11/11/98 1 l/12/98 

VOLATILES (q/L) 

1 , 1,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2~Trichloroethane 

1,i -Dichloroethane 

l,l-Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibtomochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

!ert-Butyi r??etk.y! etker 

Tetrachloroethene 

Toluene 

tram-1,2-Dichloroethene 

tram-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5U 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5U 5u 5U 5u 5u 

NA NA NA NA 5u 

5u 5u 5u 5u 5u 

10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 1JB 

5u 5u 18 17 5u 

5u 5u 5U 5u 5u 

su 5u 5u 5u 5u 

5u 5u 5U 5u 5u 

5u 5u 5u 5u 5u 

5u 5U 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

35 72 5u 5u NA 
5u 5u 5u 5u 5u 

5u 5u 5u 5u su 

5u 5u 5u 5U 5u 

5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 

NA NA NA NA NA 
5u 5u 5U 5u 5u 

5u 5u 5u 5u 5u 

su 3s 5u 5u NA 

5u 5u 5u 5u 5u 

120 150 5u 5u 5u 

5u 5u 5u 5u 5u 

5u 5u 5U 5u 5u 

su 

5u 

5U 

su 

5U 

su 

4s 

SU 

10 u 

10 u 

10 u 

10 u 

5U 

5u 

5u 

5u 

5u 

5u 

5U 

5U 

SU 

NA 

5u 

5u 

SU 

5u 

5u 

NA 

5u 

5u 

NA 

5u 

5u 

20 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

NA 
5u 

10 u 

10 u 

10 u 

10 u 

6 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

5U 

6 

5u 

5u 

5u 

5u 

5u 

NA 

5u 

5u 

5u 

5u 

5u 

5u 

5u 



UPPER SURFICIAL GROUNDU’ATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID IR73-IS09-OS-98D IR73-ISll-02.98D IR73-IS1 l-04-981) lR73-IS12-04-98D IR73-IS12.06-98D IR73-IS13.02.98D IR73-IS13-04-98D 

SAMPLE DATE 1 l/12/98 1 l/14/98 1 l/14/98 II/II/98 1 l/l l/98 1 l/13/98 1 l/13/98 

VOLATILES (up/L) 

1 , 1 , 1-Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

l,l-Dichloroethane 

1,l -Dichloroethene 

l,t-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

I-Butanone 

2.Hexanone 

4.Methyl-2-pcntanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

tert-myi methyi ether 

Tetrachloroethene 

Toluene 

tram-1,2-Dichloroethene 

trans.1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

NA NA 
5u 5u 

10 u 10 u 

10 u 10 u 

10 u 10 u 

10 u 7J 

11 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

I3 5u 

5u 5u 

5u 5u 

5u 5u 

5u 15 B 

5u 5u 

NA NA 

5u 5u 

5u 5u 

5u 5tJ 

5u 5u 

5u 5u 

19 5u 

5u 5u 

5u 

5U 

su 

5u 

5u 

5u 

NA 

5u 

10 u 

10 u 

10 u 

10 u 

5u 

5u 

5u 

5u 

su 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

16 B 

5u 
h,h 1.11 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

5u 5u 1u 1u 
5u 5u IU 1U 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u NA NA 
5u 5u 1u 1u 

10 u 10 u 2u 2u 

IO u 10 u 2u 2u 

10 u 10 u 2u 2u 

10 u 10 u 2u 2u 

5u 5u IU IU 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1u 1u 
5U 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5U 1u 1u 
5u 5u 1u 1u 

NA NA 1u 2 

5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1U 1u 
5u 5u 1U 1u 
5u 5u 1u 1u 

NA NA N-4 NA 
5u 5u 1u 1u 
5u 5u 1u 1u 

NA NA 1U ILJ 
5u 5u 1u 1u 
5u 5u 1u 1u 
5u 5u 1U 2 

5u 5u 1u 1u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

1, I,1 -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,l -Dichloroethane 

1,l -Dichloroethene 

I ,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2-Butanone 

2.Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dicbloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

ten-Butyi methyi ether 

Tetrachloroethene 

Toluene 

tram-1,2-Dichloroethene 

tram-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-ISl4.03.98D IR73-ISIS-04-98D IR73-IS 16-03.99B IR73.ISl6-06-99B IR73-IS 17.04-99B IR73-IS1%0%99B IR73-IS18-04-99B 

1 l/13/98 1 l/13/98 5/17/99 5/17/99 5117199 5117199 5117199 

1U 

1U 

1u 

1u 

1u 

1u 

NA 

1u 

2u 

2u 

2u 

2u 

5 

1u 

1u 

1u 

1u 

1u 

1u 

1U 

1u 

1u 

1u 

1u 

1U 

1u 

1u 

1u 
.t A IYA 

1 

IU 

1u 

1u 

1u 

1u 

1u 

1u 

1U 

1u 

1u 

1u 

1U 

NA 

1u 

2u 

2u 

2u 

2u 

1u 

1u 

1U 

1u 

1u 

1u 

1U 

1U 

1u 

1u 

1u 

1U 

1u 

1u 

1u 

IU 

NA 

IU 

1u 

1u 

1U 

IU 

IU 

1u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 u 

2.5 U 

5.9 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 
%.,A 1.n 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

NA NA 
0.5 u 0.5 u 

2.5 U 2.5 U 

2.5 u 2.5 U 

2.5 u 2.5 U 

5u 5u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0,s u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.49 J 2.5 U 

0.5 u 0.5 u 

??A NA 

0.55 0.77 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

NA NA 

0.5 u 0.5 u 

2.5 U 2.5 U 

2.5 u 2.5 U 

2.5 U 2.5 u 

5u 5u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

2.5 u 2.5 U 

0.5 u 0.5 u 

??A NA 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.5 u 

0.5 u 0.56 

0.5 u 0.5 u 

0.5 u 0.5 u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (t&L) 

1 , 1,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1, 1-Dichloroethane 

I,1 -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis*I,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styene 

teaButyi methyi ether 

Tetrachloroethene 

Toluene 

trans.1,2-Dichloroethene 

trans-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

UPPER SURFICIAL GROUNDWATER ANALYTXCAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73.IS 18-06-99B IR73-ISl8-06D-99B IR73-IS19-04-99B IR73-ISl9.06.99B IR73-IS19-08-99B IR73.ISZO-03.99B IR73-IS20-OS-99B 

5/17/99 5117199 5J17l99 5117199 5/17/99 s/14/99 s/14/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5U 
0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.44 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.45 J 

0.5 u 

.*. 
NH 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.48 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.76 

2.5 U 

0.38 J 
..+. NA 

0.97 

0.61 

0.5 u 

0.5 u 

0.54 

0.5 u 

2.2 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5.4 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

HA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 
0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.69 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

XA 

0.5 u 

0.41 J 

0.5 u 

0.5 u 

0.32 J 

0.94 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.88 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.48 J 

0.5 u 

0.5 u 

0.5 u 

1.1 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 
0.5 u 

2.5 U 

2.5 u 

2.5 u 

SU 

2.6 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 
?!A 

0.5 u 

0.5 u 

0.5 u 

OS u 

0.5 u 

0.42 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 
0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.42 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

?!A 

0.52 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.9 

0.5 u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (w&L) 

l,l,l.Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

l,l-Dichloroethane 

l,l-Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichforopropane 

2.Butanone 

2.Hexanone 

4.Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disultide 

Carbon tetrachloride 

Chlorobenzcne 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis- 1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

tertButyl methyl ether 

Tetrachloroethene 

Toluene 

trans.1,2-Dichloroethene 

trans-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IR73-IS21.0.99B 

s/14/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 
. 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-IS21-OD-99B 

5114199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 
.I. 
NH 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IR73-IS21-02-99B 

5114199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 
0.5 u 

2.5 U 

2.5 U 

2.5 U 

9.9 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.27 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 IJ 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IR73-iS21-04.99B 

s/14/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 
0.5 u 

2.5 u 

2.5 U 

2.5 U 

5U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 u 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IR73-IS21-04D-99B 

5114199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 u 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

??A 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IR73-IS22-02.99B 

s/14/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

1.4 

0.5 u 

0.5 u 

0.5 u 

0.73 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

1 

0.5 u 

0.5 u 

0.5 u 

17 

0.5 u 

IR73-IS23-02-99B 

fill3199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.6 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 u 

0.5 u 

NA 

0.5 u 

0.19 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

l,l,l-Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,l -Dichloroethane 

l,l-Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styme 

iett-Butyi methyi ether 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

trans-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-IS23-03-99B IR73-IS23-04-99B IR73-IS23-0599B IR73-IS24-03-99B IR73-IS24-04-99B IR73-lS25-03-99B IR73-IS25-04-99B 

5113199 s/13/99 s/13/99 5l13l99 5113199 5113199 5113199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.7 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.36 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.46 J 

0.5 u 

0.5 u 

0.5 u 

1.7 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 
hl n ,.n 

0.99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 u 

5u 

0.46 J 

0.5 u 

0.5 u 

0.5 u 

1.7 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5U 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.6 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 u 

0.5 u 

NA 

0.5 u 

0.28 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 u 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.5 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

??A 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.9 

0.5 u 

0.26 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.29 J 

2.5 U 

0.5 u 

N.4 

0.5 u 

0.34 J 

0.5 u 

0.5 u 

0.24 J 

0.5 u 

0.91 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

10 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.1 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.72 

0.5 u 



UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 73 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
Cl-O-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

l,l,l-Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,l -Dichloroethane 

1,l -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromofotm 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 
1. - n..-.l .___. L.., ..,. ._ WPauLyl rrlrulyl CuLrl 

Tetrachloroethene 

Toluene 

trans.l,2-Dichloroethene 

tram-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IR73-GWOS-99B 

5116199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

OS u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

IR73-GW09-99B 

5116199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 u 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.4 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 
h, n ,.a 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

9.5 

0.5 u 

IR73-GW13-99B 

5l16f99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0,s u 

NA 

0.5 u 

2.5 U 

1.5 BJ 

2.5 U 

5U 

6.8 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

36 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.96 

0,s u 

0.5 u 

0.5 u 

18 

0.5 u 

IR73.GW15-98D 

11117l98 

IR73-GW27-99B IR73.GW27D-99B IR73-GWA47/3-GWS-99B 

5u 0.5 u 

5u 0.5 u 

su 0.5 u 

5u 0.5 u 

5u 0.5 u 

SU 0.5 u 

NA NA 

5u 0.5 u 

10 u 2.5 U 

10 u 2.5 U 

10 u 2.5 U 

10 u 5u 

5J 1.5 

5u 0.5 u 

5u 0.5 u 

5u 0.5 u 

5u 0.5 u 

5u 0.5 u 

5u 0.5 u 

su 0.5 u 

5u 0.5 u 

5u 0.5 u 

5u 15 

5u 0.5 u 

5u 0.5 u 

5u 0.5 u 

5u 2.5 U 

5U 0.5 u 

5 u NA 

5u 0.5 u 

5U 0.5 u 

5u 0.5 u 

5u 0.5 u 

5u 38 

5u 0.67 

su 0.5 u 

s/19/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 u 

5u 

1.7 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.21 J 

0.5 u 

0.5 u 

0.5 u 

14 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.27 J 

0.5 u 

0.5 u 

36 

0.64 

0.5 u 

5116199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

20 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

8.3 

0.5 u 

0.5 u 

0.52 

0.27 J 

0.5 u 

NA 

0.5 u 

2.1 

0.22 J 

0.5 u 

0.5 u 

38 

1.3 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

1, 1,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1,l -Dichloroethane 

1,l -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2.Butanone 

2-Hexanone 

4.Methyl-2.pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disultide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethsne 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochioromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

tettButy1 methyl ether 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

tram-1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

UPPER SURFICIAL GROUNDWATER ANALYTICAL RESULTS 
SITE 13 

AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
CTO-0312 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-A47/3-GWl l-98D IR73.A47/3-GW15-98D IR73-A47/3-GW19-98D 

11/16/98 1 l/17/98 lll16l98 

5u 

5u 

5u 

5u 

5u 

5u 

5u 

su 

10 u 
10 u 

10 u 

10 u 

5u 
su 

5u 

su 

5U 

5U 

5u 

5u 

5u 

NA 

5u 

5u 

5u 

SU 

5u 

NA 

5u 

5u 

NA 

5u 

5u 

25 

5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u JU 

5u 5u 

NA 5u 

5u 5U 

10 u 10 u 

10 u 10 u 

10 u 10 u 

10 u 10 u 

5u 5u 

5u 5u 
su SU 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u 5u 

5u NA 

5u 5u 

5u 5u 

5u 5u 

5u su 

5u 5u 

5u NA 

5u 5u 

5u 5u 

SU NA 

5u 5u 

5u SU 

5u 5u 

5u 5u 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mg/L) 
Nitrogen, nitrate 
Nitrogen, nitrite 
SuKate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (ugfl) 
Ethane 
Ethene 

IR73-ISOl-03-98D 
1 l/10/98 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE iMAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

0.77 
0.1 u 
41 

NA 
0.24 
0.23 
0.01 u 

9.8 
0.01 u 
0.25 u 

10 u 
10 u 
62 

IR73-ISOl-05-98D 
1 l/10/98 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

740 

IR73-IS02-04-98D 
11/11/98 

0.38 
NA 
4.2 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

5000 

IR73-IS02-04D-98D 
11/11/98 

0.1 u 
NA 

4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

5200 

IR73.IS02.06.98D 
11/12/98 

0.05 u 
NA 
41 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

1400 

IR73-IS03-04-98D 
1 l/l l/98 

0.1 u 

NA 
25 E 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

IO u 
10 u 

4000 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mg/J.J 

Nittogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameter (ug0) 
Ethane 
Ethene 
Methane 

IR73-IS03-04D-98D 
1 l/l l/98 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

0.1 u 
NA 
25 E 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

IR73-IS03-06-98D 
11/11/98 

0.1 u 

NA 
25 E 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
IO u 

4100 

IR73-IS03-OS-98D 
1 l/l l/98 

0.1 u 
NA 
5.9 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IO u 
10 u 

800 

IR73-IS04-04.98D 
1 l/12/98 

0.05 u 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

13000 

IR73.IS04-06.98D 
1 l/12/98 

0.05 u 
NA 
3.1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

5100 

IR73-IS04-OS-98D 
1 l/12/98 

0.05 u 
NA 

16 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 

10 u 

2700 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mg/L) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters @g/l) 
Ethane 
Ethene 
Methane 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

IR73.ISOS-04-98D 
1 l/13/98 

0.05 u 

NA 
92 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

2400 

IR73-IS05-04D-98D 
1 l/13/98 

0.05 u 

NA 
140 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

2300 

IR73-IS05-06-98D 
11113198 

0.05 u 

NA 
81 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 tJ 

320 

IR73-IS06-04-98D 
11112/98 

0.05 u 

NA 
14 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

4300 

IR73-IS06-06-98D 
1 l/12/98 

0.05 u 

NA 
6.7 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

2100 

IR73-IS07-04-98D 
11/12/98 

0.05 u 

NA 
0.73 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

13000 



SAMPLE ID 
SAMPLE DATE 

Neti Attenuation Parameters (mgiL) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (up/g, 
Ethane 
Ethene 
Methane 

IR73-IS07-0698D 
1 l/12/98 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

0.05 u 
NA 

0.59 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

14000 E 

IR73-ISOS-O2-98D 
1 l/l l/98 

0.1 u 
NA 
2.7 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

2700 

IR73-ISOS-04-98D 
1111 l/98 

0.1 u 
NA 

0.43 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IR73-IS09-03-98D 
11112198 

0.05 u 
NA 
3.1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

8200 

IR73-IS09-05-98D 
11/12/98 

0.05 u 
NA 

4 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

8100 

IR73-IS09-05-98D 
1 l/12/98 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

8300 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parnmeters (mg/L) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
SUlf-te 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, totil organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameten (us/l) 
Ethafle 
Ethene 
Methane 

IR73-IS1 l-02.98D 
1 l/14/98 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

0.1 u 

NA 
17 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

7000 

IR73-IS1 l-04-98D 
1 l/14/98 

0.22 
NA 

14 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

9500 

IR73-IS 1 l-04D-98D 
1 l/14/98 

0.22 
NA 

0.99 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

11000 

IR73-IS12.04.98D 
11111/98 

0.1 u 
NA 

0.37 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

7900 

IR73-IS12.06-98D 
1101198 

0.1 u 
NA 
I.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

4200 

IR73.IS13-02-98D 
1 l/13/98 

0.1 u 
NA 

12 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

2600 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mg/L) 
- 7 Nitrogen, nitrate 

Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orrhophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (ug/l) 
Ethane 
Ethene 
Methane 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

IR73-IS13-02-98D 
1 l/13/98 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

5000 

IR73.IS13-04-98D 
1 l/13/98 

0.1 u 
NA 
8.3 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

3600 

IR73-IS14-03-98D 
1 l/13/98 

0.01 u 
NA 

0.46 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

11000 

IR73-GW 15-98D 
1 l/17/98 

0.1 u 
0.1 u 

0.11 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

16 
10 u 

14000 E 

IR73.IS 15-04-981) 
1 l/13/98 

0.01 u 
NA 

0.31 
2u 

1.056 
0.499 

NA 
2.82 
NA 

2 

IR73-IS15-04D-98D 
1 I/13/98 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

1300 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameten (mg/L) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (II& 
Ethane 
Ethene 
Methane 

IR73-A47/3-GWl l-98D 

1 l/16/98 

0.1 u 
NA 

0.99 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

11000 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

IR73-A47/3-GW 1 S-981) 
1 l/17/98 

0.1 u 
NA 
1.1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

10000 

IR73-A47/3-GW19-98D 
1 l/16/98 

0.1 u 
0.1 u 
10 

NA 
6 

1.2 
0.1 u 

40.3 
NA 
3.9 

10 u 
10 u 

15000 E 

IR73-X16-03-99B 
s/17/99 

0.2 u 
NA 
73 

NA 
NA 
NA 
NA 
8.1 
NA 
NA 

0.35 u 
0.33 u 

41 

IR73-IS16-06-99B 
5117199 

0.2 u 
0.1 u 
4.8 
NA 

0.32 
0.1 

0.05 u 
2 

NA 
0.22 

0.35 u 
0.33 u 

33 

IR73-IS 17-04.99B 
5117199 

0.2 u 
NA 

9 
NA 
NA 
NA 
NA 
7.7 
NA 
NA 

0.36 U 
0.33 u 

14 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mg/L) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjelcbhl Nitrogen-N 
Nitrogen, ammonia 
Otthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (q/I) 
Ethane 
Ethene 
Methane 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, ‘X0-0130 
MCB, CAMP LEJEUNE, NC 

IR73.ISl7.07.99B 
5117199 

0.2 u 

NA 
14 

NA 
NA 
NA 
NA 
3.3 

NA 
NA 

0.35 u 

0.33 u 

22 

IR73-ISIS-04.998 
5117199 

0.2 u 

NA 
12 

NA 
NA 
NA 
NA 
74 

NA 
NA 

0.35 u 

0.33 u 

200 D 

IR73-IS 18-06-99B 
5117199 

0.2 u 

NA 
0.77 B 
NA 
NA 
NA 
NA 
61 

NA 
NA 

0.36 U 
0.33 u 

8800 D 

IR73.ISlS-06D-99B 
5/17/99 

0.2 u 

NA 
1.6 

NA 
NA 
NA 
NA 
65 

NA 
NA 

0.36 u 

0.33 u 

8600 D 

IR73-IS19.04-99B 
5117199 

0.2 u 

NA 
1.4 

NA 
NA 
NA 
NA 
35 

NA 
NA 

0.35 u 

0.33 u 

1900 D 

IR73.IS19-06.99B 
5/17l99 

0.2 u 

NA 
3.6 

NA 
NA 
NA 
NA 
40 

NA 
NA 

0.35 u 

0.33 u 

5500 D 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mglL) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nittogen 
Natural Attenuation Parameten (q/l) 
Ethane 
Ethene 
Methane 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

IR730IS19-08-99B 
5117199 

0.2 u 

NA 
3.4 

NA 
NA 
NA 
NA 
39 

NA 
NA 

0.1 u 
NA 
1.5 

NA 
NA 
NA 
NA 
33 

NA 
NA 

0.35 u 1 
0.33 u 0.67 

2700 D 18000 D 

IR73-IS20-02-99B 
5114199 

IR73-IS20-03-99B 
5114199 

0.1 u 
NA 
2.6 

NA 
NA 
NA 
NA 
31 

NA 
NA 

0.1 u 
NA 
1.5 

NA 
NA 
NA 
NA 
33 

NA 
NA 

0.35 u 1 
0.33 u 0.67 

9300 D 18000 D 

IR73-IS20-05.99B 
5114199 

IR73.IS.21.02.99B 
5114199 

0.1 u 
NA 
150 

NA 
NA 
NA 
NA 

15 
NA 
NA 

0.35 u 

0.33 u 

3.5 B 

IR73-IS21-04.99B 
5114199 

0.1 u 
NA 
43 

NA 
NA 
NA 
NA 
22 

NA 
NA 

0.35 u 

0.33 u 

380 D 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mg/L) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameten (ugfl) 
Ethane 
Ethene 
Methane 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICfAC AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, Cl-O-0130 
MCB, CAMP LEJEUNE, NC 

IR73-IS21-04D-99B 
5114199 

0.1 u 
NA 
47 

NA 
NA 
NA 
NA 
22 

NA 
NA 

0.35 u 

0.33 u 

440 D 

IR73-IS22-02.99B IR73-IS23-02-99B 
5114199 s/13/99 

0.1 u 
NA 
5.6 

NA 
NA 
NA 
NA 
27 

NA 
NA 

0.1 u 
NA 
0.8 B 
NA 
NA 
NA 
NA 

22 

NA 
NA 

0.35 u 0.78 

0.39 0.33 u 

16000 D 8200 D 

IR73-IS23-03-99B 
s/13/99 

0.1 u 

NA 
0.66 B 
NA 
NA 
NA 
NA 
30 

NA 
NA 

1.2 
0.33 u 

13000 D 

IR73-IS23-04-99B 
5113199 

0.1 u 
NA 

0.37 B 
NA 
NA 
NA 
NA 
44 

NA 
NA 

0.46 

0.33 u 

18000 D 

IR73-IS24-03.99B 
5113199 

0.1 u 
NA 
4.6 

NA 
NA 
NA 
NA 

15 
NA 
NA 

0.35 u 

0.33 u 

5300 D 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mgk) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carboh total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (ugll) 

Ethane 
Ethene 
Methane 

IR73-IS24-04-99B 
5113199 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, ‘X0-0130 
MCB, CAMP LEJEUNE, NC 

0.1 u 
NA 
3.1 
NA 
NA 
NA 
NA 
15 

NA 
NA 

0.59 
0.33 u 

7200 D 

IR73-IS25-03.99B 
5113199 

0.1 u 
NA 
5.4 
NA 
NA 
NA 
NA 
23 

NA 
NA 

0.35 u 
0.33 u 

4800 D 

IR73-IS25-04-99B 

5113199 

0.1 u 
NA 
2.4 
NA 
NA 
NA 
NA 

15 
NA 
NA 

0.35 u 
0.33 u 

3900 D 

IR73-GWA47/3-GW8-99B 
5117199 

0.2 u 
NA 

NA 
NA 
NA 
NA 
44 

NA 
NA 

0.00084 0.35 u 
0.0013 0.33 u 

6.1 D 510 D 

IR73-GWOS-99B 
s/17/99 

0.2 u 
NA 
9.3 
NA 
NA 
NA 
NA 
6.5 
NA 
NA 

IR73.GW09-99B 
5117199 

0.2 u 
NA 
37 

NA 
NA 
NA 
NA 
5.9 
NA 
NA 

0.35 u 
0.63 

33 



SAMPLE ID 
SAMPLE DATE 

Natural Attenuation Parameters (mgrt) 
Nitrogen, nitrate 
Nitrogen, nitrite 
Sulfate 
Sulfite 
Total Kjeldahl Nitrogen-N 
Nitrogen, ammonia 
Orthophosphate 
Carbon, total organic 
Nitrite 
Organic Nitrogen 
Natural Attenuation Parameters (q/l) 
Mane 
Ethene 
Methane 

IR73-GW13-99B 
5f17f99 

0.2 u 
NA 
6.1 
NA 
NA 
NA 
NA 
29 

NA 
NA 

0.3s u 
0.33 u 

4400 D 

ANALYTICAL RESULTS 
GROUNDWATER, UPPER SURFICIAL AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, Cl-O-0130 
MCB, CAMP LEJEUNE, NC 

IR73.GW27-99B 
s/19/99 

0.1 u 
NA 

18 
NA 
NA 
NA 
NA 
34 

NA 
NA 

0.35 u 
0.33 u 
680 D 

IR73-GW27D-99B 
s/19/99 

0.1 u 
NA 
20 

NA 
NA 
NA 
NA 
39 

NA 
NA 

0.35 u 
0.33 u 
840 D 

IR73-A47M-GWl l-98D 
1 l/16/98 

0.1 u 
NA 

0.99 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

11000 

IR73-A47/3-GW15-98D 
1 l/17/98 

0.1 u 
0.1 u 
1.1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 u 
10 u 

10000 

IR73-A47/3-GW19-98D 
llf16f98 

0.1 u 
0.1 u 
10 

NA 
6 

1.2 
0.1 u 

40.3 
NA 
3.9 

10 u 
10 u 

15000 E 



SAMPLE ID 

SAMPLE DATE 

VOLATILES @g/L) 

1 , 1,l -Trichloroethane 

1,1,2,2-Tetiachloroethane 

1,1,2-Trichloroethane 

l,l-Dichloroethane 

1,1 -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

P-Butanone 

2-Hexanone 

4-Methyl-2-pentenone 

Acetone 

Benzene 

Bromodichloromethane 

Bromofonn 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromocbloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 
teri-Butg ‘methyl ether 

Tetrachloroethene 

Toluene 

trans-1,2-Dichloroethene 

trans.1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

ANALYTICAL RESULTS 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

IR73-GW03DW-98D IR73-GW04DW-98D IR73.GW05DW-98D IR73-GW38DW.98D IR73-GW39DW-98D IR73-GW40DW.98D IR73-DGW40DW.98D 

1 l/17/98 1 l/17/98 1 l/19/98 1 l/17/98 1 l/17/98 llf16f98 1 l/16/98 

5u 5U 

5U 5U 

5u SU 

5U SU 

25 SU 

5u SU 

NA NA 

5u SU 

10 u 10 u 

10 u 10 u 

10 u 10 u 

10 u 10 u 

35 5U 

5u 5U 

5u 5U 

5U 5U 

SU SU 

5u SU 

5U 5U 

5U SU 

5u SU 

5U 5U 

130 3 J. 

5u SU 

5U 5U 

5u 5U 

5U 5U 

5U 5u 

5 u 5 u 

5u SU 

5u 5U 

5J SU 

SU SU 

250 D SU 

8 SU 

5u SU 

5u 5u 5u 5u 5u 
5U 5U 5u 5U 5u 
SU 5u 5u 5u 5u 
5u 5u 5u 5u 5U 
5U 5u 5u SU 5u 
SU 5U 5U 5U 5u 
5U NA NA 5J 5J 
SU SU 5U 5U 5u 

25 u 10 u 10 u 10 u 10 u 
25 U 10 u 10 u 10 u 10 u 
25 U 10 u 10 u 10 u 10 u 
25 u 10 u 10 u 10 u 10 u 

5U 5u 6 JU 5u 
SU 5u 5U 5u 5u 
5tJ 5u 5u 5u 5u 
SU 5U 5u 5U 5U 
SU 5U 5u 5u 5u 
5U 5u 5u 5u 5u 
5U 5u SW 5u 5U 
SU 5U 5u 5U 5U 
5U 5u 1J 5U 5U 
5u 5u 5U 5u 5U 

NA 5U 40 NA NA 
5U 5u 5u 5U 5u 
5u 5u 5u 5u 5U 

5U 5u 5u 5U 5U 
9B 5U 5U 5u 5u 
5U 5U 5u 5U 5u 

NA 5 u 5 1-l NA NA 
5U SU 5U 5u 5u 

5u 5u 5u 5U 5U 

NA 5u 5u NA NA 
5u 5u 5u SU 5u 

5U 5u 34 5U 5U 
5u 5U 45 5U 5u 
SU 5u 5u 5U 5u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (ugfL) 

1 , 1,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 

I,1 ,P-Trichloroethane 

l,l-Dichloroethane 

1,l -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2-Butanone 

2.Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromofonn 

Bromomethane 

Carbon disulflde 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 
+al.Q,>+,,l ma+h,,l &he+ .*.. “...~‘.... “.,. ..“‘_. 

Tetrachloroethene 

Toluene 

trans.1,2-Dichloroethene 

trans.1,3.Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylcnes, total 

ANALYTICAL RESULTS 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CI’O-0130 
MCB, CAMP LEJEUNE, NC 

IR73.GW41DW-98D IR73-GW42DW-98D 1R73-GW42DWD-98D IR73-GW43-DW-98D IR73-GWOZDW-99B 

1 l/16/98 1 l/19198 1 l/19/98 11119198 S/16/99 

5U 5u 

5U 5u 

5U 5U 

5U 5U 

5U 5U 

SU 5U 

5u 5U 

5U 5U 

10 u 25 u 

10 u 25 u 

10 u 25 u 

10 u 25 U 

SU 5U 
5U 5U 

5U 5U 

5u 5U 

5u 5U 

5u 5u 

SW 5U 

5U 5u 

5u 5U 

5U 5U 

NA NA 

5U 5U 

5u 5U 

5u 5U 

5u 9B 

SW 5U 

NA NA 

5u 1 J 

5u 5U 

NA NA 

5U 5U 

5u 5U 

5u 5U 

5u 5U 

SU 1u 

5u 1u 

5u 1u 

SU IU 

5U 1u 

5U 1u 

5U NA 
5U 1u 

25 u 2u 
25 u 2u 
25 u 2u 
25 u 2u 

5U 1u 

5U 1u 

5u IU 

5u 1u 

5u 1u 

5U IU 

5U 1u 
5u 1u 

5U IU 

5u IU 

NA 29 

5U 1u 

5U 1u 

5U 1u 

9B 1u 

5u IU 

I?.‘! NA 

23 IU 

5U 1u 

NA 1u 

5U 1u 

5u 8 

5U 1u 

SU 1u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 u 

2.5 u 

SU 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.34 BJ 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.4 J 

0.5 u 

0.5 u 

0.83 

0.5 u 

0.5 u 

IR73-GW03DW-99B 

5f19f99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 u 

2.5 u 

5U 

2.8 D 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.63 BJD 

0.5 u 

0.5 u 

0.5 u 

120 D 

0.5 u 

0.5 u 

0.5 u 

1.4 JD 

0.5 u 

NA 

0.5 u 

0.77 JD 

0.5 u 

220 D 

7.8 D 

0.5 u 



SAMPLE ID 

SAMPLE DATE 

VOLATILES (q/L) 

l,l,l-Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2.Trichloroethane 

1,l -Dichloroethane 

I,1 -Dichloroethene 

1,2-Dichloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 

2.Butanone 

2-Hexanone 

4.Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromofonn 

Bromomethane 

Carbon disultide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

cis-1,2-Dichloroethene 

cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styene 
;~,-5”“” . ..a&..l atI... U&J, “‘~“LJL .LIAbL 

Tetrachloroethene 

Toluene 

tram-1,2-Dichloroethene 

trans.1,3-Dichloropropene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

IR73-DGW03DW-99B 

s/19/99 

%fl 
0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.74 J 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

ANALYTICAL RESULTS 
GROUNDWATER, CASTLE HAYNE AQUIFER 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CI’O-0130 
MCB, CAMP LEJEUNE, NC 

IR73-GWOSDW-99B IR73-GW39DW-99B IR73-GW43DW.99B IR73.GW44DW-99B 

s/19/99 S/18/99 S/18/99 S/18/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 
2.5 U 
2.5 U 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

7 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

53 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.8 

0.7 

0.5 u 

0.5 u 

45 

4.3 

0.35 J 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 u 

5u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.64 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1.8 

3.6 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

5u 

9.1 D 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.6 BJD 

0.5 u 

0.5 u 

0.5 u 

520 D 

0.5 u 

0.5 u 

0.59 

0.73 J 

0.5 u 

NA 

0.88 

24 D 

0.5 u 

990 D 

31 D 

1.8 

IR73-GW45DW-99B 

S/18/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

NA 

0.5 u 

2.5 U 

2.5 U 

2.5 U 

su 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

2.5 

0.5 u 

0.5 u 

0.5 u 

2.5 U 

0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

1 

0.5 u 

0.5 u 



SAMPLE ID 

SAMPLE DATE 

TRIP BLANKS 
ANALYTICAL RESULTS 

GROUNDWATER, UPPER SURJ?XJ.AL AQUIFER 
NATURAL ATTENUATION PARAMETERS 

SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 
NATURAL ATTENUATION EVALUATION, CTO-0130 

MCB, CAMP LEJEUNE, NC 

Natural Attenuation Parameters (q/l) 

Ethane 

Ethene 

Methane 

IR73-TBOl-99B IR73-TB02-99B IR73.TB03.99B 

s/13/99 5/14/99 5117199 

0.35 u 0.35 u 0.35 IJ 
0.33 u 0.33 u 0.33 u 
0.57 B 0.7 0.3 1 



TRIP BLANKS 
SHALLOW GROUNDWATER ANALYTICAL RESULTS 

SITE 73 
AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

cT0-0312 
MCB, CAMP LJZJEUNE, NORTH CAROLINA 

SAMPLE ID 

SAMPLE DATE 

VOLATILES (u&L) 
l,l,l-Tritioroethane 

1,1,2,2-Tetracbloroethane 

1,1,2-Trichloroethane 

l,l-Dichloroethane 

l,l-Dichloroethene 

1,2-Dicbloroethane 

1,2-Dichloroethene, total 

1,2-Dichloropropane 
2-Butanone 

2-He-one 

4-Methyl-2-pentanone 
Acetone 
Benzene 

Bromodichlaromethane 

Bromoform 

Bromomethane 

Carbon disulfide 
Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 
cis-1,2-Dichloroethcne 
cis-1,3-Dichloropropene 

Dibromochloromethane 

Ethylbenzene 
Methyhe chloride 
StjTtXC 

tert-Butyl methyl e&r 

Tetrachloroetbene 

Toluene 

trans-1,2-Dichloroethene 
trans-1,3-Dichloropropene 

Triddoroethene 
Vinyl chloride 

Xylenes, total 

IR73-TBO I-99B 

5/13/99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 

NA 

0.5 u 
2.5 u 

2.5 u 

2.5 u 
5u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 

I.5 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 
0.5 u 

0.5 u 

0.5 u 
2.5 u 
0.5 u 

NA 

0.5 u 
0.5 u 

0.5 u 
0.5 u 

0.5 u 
0.5 u 

0.5 u 

IR73-TBO2-99B 

5/14l99 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 

NA 

0.5 u 

2.5 u 

2.5 u 
2.5 u 

SU 
0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 
0.5 u 
0.5 u 

0.5 u 

0.5 u 
2.5 u 
0.5 u 

NA 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 

0.5 u 

0.5 u 

IR73-TBO3-99B 

5117199 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 

NA 

0.5 u 
2.5 u 

2.5 U 
2.5 u 

5U 
0.5 u 
0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 

0.5 u 
0.5 u 
0.5 u 

0.5 u 

0.5 u 
2.5 u 
0.5 u 

NA 

0.5 u 

0.5 u 
0.5 u 

0.5 u 

0.5 u 
0.5 u 

0.5 u 

RE-TB99xls TB S-99 2/9/00 Page 1 of 1 



SAMPLE ID IR73-MW40-33 

SAMPLE DATE 1 l/14/98 

VOLATILES (ug/kg) 

1, 1,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1, 1,2-Trichloroethane 

l,l-Dichloroetbane 

l,l-Dichloroethene 

1,2-Dichloroetbane 

1,2-Dichloropropane 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Methylene chloride 

Styrene 

Tetrachloroethene 

Toiuene 

Trichloroethene 

Vinyl chloride 

Xylenes, total 

cis-1,2-Dichloroethene 

cis-1,3.Dichloropropene 

tram-1,2*Dichloroethene 

tram-1,3-Dichloropropene 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

12 u 12 u 

12 u 12 u 

12 u 12 u 

29 B 12 u 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

4J 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6 JB 6U 

6U 6U 

6U 6U 
, . . * I. 
bU 0” 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

6U 6U 

ANALYTICAL RESULTS 
SUBSURFACE SOIL 

VOLATILE ORGANIC COMPOUNDS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 

IR73-MW41-50 

1 I/13/98 

MCB, CAMP LWEUNE, NC 

IR73-SBOl-02 IR73-SBOl-02D 

1 l/14/98 1 l/14/98 

[R73.IS15-02 

1 l/14/98 

6U 6U 6U 

6U 6U 6U 

6U 6U 6U 

6U 6U 6U 

6U 6U 6U 
6U 6U 6U 
6U 6U 6U 

12 u 12 u 12 u 
12 u 12 u 12 u 
12 u 12 u 12 u 
12 u 24 12 u 
6U 6U 6U 
6U 6U 6U 
6U 6U 6U 
6U 6U 6U 

18 8 6U 
6U 6U 6U 

6U 6U 6U 

6U 6U 6U 
6U 6U 6U 

6U 6U 6U 

6U 6U 6U 

6U 6U 6U 

22 B 6U 6U 

6U 6U 6U 

6U 6U 6U 
. *, , . . * . . b” bU bU 

6U 6U 6U 

6U 6U 6U 

6U 6U 6U 

6U 6U 6U 
6U 6U 6U 
6U 6U 6U 
6U 6U 5u 

IR73.ISl7.03-99 

S/17/99 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

28 U 35 u 

28 U 35 u 

28 U 35 u 

55 u 67 J 
5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

11 u 14 u 
5.5 u 7u 
5.5 u 7u 
5.5 u 7u 

11 u 14 u 

5.5 u 7u 

11 u 14 u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

32 63 

7.2 7 ii 

5.5 u 7u 

11 u 14 u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

5.5 u 7u 

IR73.IS17-07.99 

5117199 



SAMPLE ID IR73-GW03DW-98D 

SAMPLE DATE 1 l/17/98 

Natural Attenuation Parameter3 (mgfi) 

Nitrate-N 

Nitrite-N 
Sulfate as SO4 

Total Kjeldahl Nitrogen-N 

Ammonia-N 

O&o-Phosphate-P 

Total Organic Carbon 

Organic Nitrogen 
Natural Attenuation Parameters (q/l) 

Ethane 

Ethene 

Methane 

0.1 u 

NA 

1.2 

NA 

NA 

NA 

NA 

NA 

10 u 

10 u 

2600 

ANALYTICAL RESULTS 
GROUNDWATER, CASTLE HAYNE AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE. NC 

IR73-GW03DWD.98D IR73-GW04DW-98D 

1 l/17/98 11/17/98 

0.1 u 

NA 

0.1 u 

NA 

NA 

NA 

NA 

NA 

0.1 u 

NA 

0.1 u 

NA 

NA 

NA 

NA 

NA 

NA 10 u 

NA 10 u 

NA 570 

IR73-GW05DW-98D 

11119l98 

0.1 u 

0.1 u 

0.11 

0.809 

0.106 

0.13 

1.641 

NA 

10 u 

10 u 

160 

IR73-GW38DW.98D IR73-GW39DW-98D IR73-GW40DW-98D I 

11/17/98 lll17l98 1 l/16/98 

0.1 u 

NA 

3.3 

NA 

NA 

NA 

NA 

NA 

0.1 u 

NA 

6.1 

NA 

NA 

NA 

NA 

NA 

0.1 u 

0.1 u 

1.6 

NA 

0.25 

0.1 u 

1.5 

2.5 

10 u 10 u 10 u 

10 u 10 u 10 u 

72 2000 1400 



SAMPLE ID 73-GW40DWD-98D 

SAMPLE DATE 1 ll16l98 

Natural Attenuation Parameters (mgfl) 

Nitrate-N 

Nitrite-N 

Sulfate as SO4 

Total Kjeldahl Nitrogen-N 

Ammonia-N 

O&o-Phosphate-P 

Total Organic Carbon 

Organic Nitrogen 

Natural Attenuation Parameters (q/l) 

Ethane 

Ethene 

Methane 

0.14 0.1 u 

0.1 u NA 

1.6 1.1 

NA NA 

0.2 NA 

0.22 NA 

1.4 NA 

0.75 NA 

10 u 

10 u 

1200 

ANALYTICAL RESULTS 
GROUNDWATER, CASTLE HAYNE AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

IR73-GW41DW-98D 

11116198 

10 u 

10 u 

60 

IR73-GW4lDW-98D IR73-GW42DW.98D IR73-GW42DWD.98D IR73-GW43-DW-98D IR73.GWOZDW-99B 

1 l/16/98 11119198 lll19l98 lll19l98 5117199 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.1 u 

NA 

0.49 

NA 

NA 

NA 

NA 

NA 

0.1 u 

NA 

0.51 

NA 

NA 

NA 

NA 

NA 

ou 0.2 u 

ou NA 

17 10 

NA NA 

NA NA 

NA NA 

NA 1 
NA NA 

10 u 10 u 10 u 10 u 0.35 u 

10 u 10 u 10 u 10 u 0.33 u 

59 53 46 200 100 



ANALYTICAL RESULTS 
GROUNDWATER, CASTLE HAYNE AQUIFER 

NATURAL ATTENUATION PARAMETERS 
SITE 73, AMPHIBIOUS VEHICLE MAINTENANCE FACILITY 

NATURAL ATTENUATION EVALUATION, CTO-0130 
MCB, CAMP LEJEUNE, NC 

SAMPLE ID R73-GW03DW-YYB IR73-DGW03DW-YYB IR73-GW05DW.99B IR73-GW39DW.99B IR73-GW43DW.99B IR73-GW44DW.99B IR73-GW45DW.99B 
SAMPLE DATE 5119199 5119199 5l19lYY 5119199 5118199 5l19lYY 5/18lYY 

Natural Attenuation Parameters (mgfl) 

Nitrate-N 

NitriteaN 
Sulfate as SO4 

Total Kjeldahl Nitrogen-N 

Ammonia-N 

Or&o-Phosphate-P 

Total Organic Carbon 

Organic Nitrogen 

Natural Attenuation Parameters (ugfl) 

Ethane 

Etlle!X 

Methane 

0.1 u 

NA 

1u 

NA 

NA 

NA 

2.9 

NA 

0.35 u 

0.72 

640 

0.1 u 

NA 

1u 

NA 

NA 

NA 

2.8 

NA 

0.35 u 

1.1 

700 

0.1 u 

0.05 u 

1u 

0.2 u 

NA 

0.15 

I 

0.2 u 

0.35 u 

0.33 u 

38 

0.1 u 

NA 

3.5 

NA 

NA 

NA 

4.9 

NA 

0.35 u 

0.33 u 

1000 

0.1 u 

NA 

2.5 

NA 

NA 

NA 

1.9 

NA 

0.35 u 

0.33 u 

61 

0.1 u 

NA 

NA 

NA 

NA 

12 

NA 

0.35 u 

0.57 

2100 

0.1 u 

NA 

1u 

NA 

NA 

NA 

1.7 

NA 

0.35 u 

0.33 u 

180 



GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CTO-0120 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID IR73-DWOl-OlB IR73-DW02-OlB IR73-DW06-OlB IR73-DWll-OlB IR73-GWllB-OlB IR73-GW38DW-OlB IR73-GW4lDW-OlB 
SAMPLE DATE 05-17-2001 05-17-2001 05-17-2001 05-17-2001 05-17-2001 05-16-2001 05-16-2001 

VOLATILES (ufl) 
1 , 1,l -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
1,1,2-Trichloroethane 
1 , 1-Dichloroethane 
1,l -Dichloroethene 
1,2,4-Trichlorobenzene 
1,2-Dibromo-3chloropropane (DBCP) 
1,2-Dibromoethane (Ethylene dibromide) 
1,2-Dichlorobenzene 
1,2-Dichlorocthane 
1,2-Dichloropropane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Butanone 
2-Hexanone 
I-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Cyclohexane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Dichloroethene 
cis-1,3-Dichloropropene 
Dibromochloromethane 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropylbenzene 
Methyl Acetate 
Methylcyclohexane 
Methyl-tert-butyl ether 
Methvlmr rhlnrkb ,.-.-- _._._.. -_ 

Styrene 
Tebachloroethene 
Toluene 
trans-1,2-Dichloroethene 
trans-1,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes (Total) 
NATTIRAT. ATTUNTTATTnNPARAMRTklRS I 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

13 u 13 u 13 u 13 u 13 u 13 u 13 u 

13 u 13 u 13 u 13 u 13 u 13 u 13 u 

13 u 13 u 13 u 13 u 13 u 13 u 13 u 

13 u 13 u 13 u 13 u 13 u 13 u 13 u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5U 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5J 5u 13 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5 II 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 5u 1J 5u 

5u 5u 5U 5u 5u 5u 5u 

SU 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 8 5u 5u 

5u 5u 5u 5u 5u 5u 5u 

5u 5u 5u 5u 1J 5u 1J 
15 u 15 u 15 u 15 u 15 u 5u 5u 



SAMPLE ID 
SAMPLE DATE 

Ammonia 
Chloride 
Kjeldahl Nitrogen 
Nitrate-N 
Nitrite-N 
Orthophosphate 
Sulfate 
Total Organic Carbon 

GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CT0.0120 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-DWOl-OlB IR73-DW02-01 B IR73-DW06-018 IR73-DWll-OlB IR73-GWllB-01B IR73-GW38DW-OlB IR73-GW4lDW-OlB 
05-17-2001 05-17-2001 05-17-2001 05-17-2001 05-17-2001 05-16-2001 05-16-2001 

0.1 u 
10.9 28.4 47.3 7.89 8.93 23.8 215 

0.242 
0.183 0.05 u 0.05 u 0.05 u 0.05 u 0.05 u 0.05 u 

0.05 u 
0.1 u 

6.11 5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 5u 



SAMPLE ID 
SAMPLE DATE 

VOLATILES (up,iL) 
1 ,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
1,1,2-Trichloroethane 
l,l-Dichloroethane 
1 ,I-Dicbloroethene 
1,2,4-Trichlorobenzene 
1,2-Dibromo-3-chloropropane (DBCP) 
1,2-Dibromoethane (Ethylene dibromide) 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Butanone 
2-Hexanone 
4-Methyl-Zpentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Cyclohexane 
Carbon disuhide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Dichloroethene 
cis- 1,3-Dichloropropene 
Dibromochloromethane 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropylbenzene 
Methyl Acetate 
Methylcyclohexane 
Methyl-tert-butyl ether 
M~thvbm c-h1nric-b .._-.. -,- -..- -.._ -..-- 

Styrene 
Tetrachloroethene 
Toluene 
trans- 1,2-Dichloroethene 
trans-1,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes (Total) 
NATIJRAT. ATTENIJATTON PARAMETERS fms 

GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CTO-0120 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-GW42DW-OlB IR73-GW46DW-OlB IR73-GW47DW-OlB IR73-GW48DW-OlB IR73-GW49DW-OlB IR73-GW50DW-OlB 
05-16-2001 05-16-2001 05-15-2001 05-15-2001 05-15-2001 05-15-2001 

5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 45 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 25 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 

13 u 13 u 13 u 13 u 13 u 13 u 
13 u 13 u 13 u 13 u 13 u 13 u 
13 u 13 u 13 u 13 u 13 u 13 u 
13 u 13 u 13 u 13 u 13 u 13 u 
5u 5u 5u 5u 10 2J 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 25 5u 1J 1J 5u 
5u 5u 5u 5u 5u 5u 
5u 11 1J 36 320 D 25 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5 u 5 1r 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
1J 1J IJ 1J 2J 25 
5u 5u 5u 5u 10 5u 
5u 5u 5u 5u 5u 5u 
5u 13 1J 51 1 1500 D 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 14 IJ 
5u 5u 5u 5u 5u 5u 
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A’ITACHMENT A 

GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CTO-0120 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 
SAMPLE DATE 

VOLATILES (q/L) 
1 , 1,l -Trichloroethane 
1 ,I ,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1, I-Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,2-Dichloroethene 
Cis-1,3-Dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene Chloride 
Styrene 
Tetrachloroetbene 
Toluene 
Total 1,2-Dichloroethene 
Trans- 1,2-Dichloroethene 
Trans-1,3-Dichloropropene 
Trichloroethene 
Vinyl Chloride 
Xylenes (Total) 
NATURAL ATTENUATION PARAMETERS 
Chloride (mg/L) 
Nitrate+Nitrite As N (ma) 
Nitrogen-Ammonia As N (mg/L) 
Nitrogen - Total Organic (Ton) (mg/L) 
Phosphate, Ortho As P (ma) 
Sulfate (ma) 
Total Organic Carbon (mg/L) 
Ethane @g/L) 
Ethene (Q/L) 
Methane @g/L) 

IR73-A47/3-GWll-OlC 
07/l 3/01 

IR73-A47/3-GW16-01C 
07/13/01 

IR73-A47/3-GW8-OlC 
07/16/01 

IR73-GW02DW-01C 
07/13/01 

IR73-GW04DW-OlC 
07/13/01 

IR73-GW05DW-OlC 
07/16/01 

5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5U 5U 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5U 5u 5u 5u 5u 5u 

10 u 10 u 10 u 10 u 10 u 10 UJ 
10 u 10 u 10 u 10 u 10 u 10 UJ 
10 u 10 u 10 u 10 u 10 u 10 UJ 
10 UJ 10 UJ 10 UJ 10 UJ 10 UJ 10 UJ 
35 5u 19 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5 UJ 5u 5u 
5 UJ 5 UJ 5u 5 UJ 5 UJ 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5 UJ 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 10 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5U 5U 
5 UJ 5 UJ 5u 5 UJ 5 UJ 5 UJ 
5u 5u 5u 5u 5u 5u 
5u 5l-l 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 13 5u 5u SU 
5u 5u 4J 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
2u 2u 39 2u 2u 2u 
5u 5u 5u 5u 5u 5U 

40 
0.05 u 

2 

10 u 
10 u 

10000 

80 J 
0.05 u 

65 
0.05 u 

30 
0.05 u 

80 J 
0.05 u 

4 

10 u 
10 u 

3900 

1U 

10 u 
10 u 

13000 

5 

10 u 
10 u 

240 

1u 

10 u 
10 u 

660 

13 
0.05 u 

0.1 u 
0.1 u 
0.1 

1U 
3 

10 u 
10 u 

100 



SAMPLE ID IR73-GW06DW-OlC IR73-GW08-OlC IR73-GW09-OlC IR73-GWlODW-OlC IR73-GWl3-OlC IR73-GW15-OlC IR73-GW16-OlC 
SAMPLE DATE 07/13/01 07/16/01 07/13/01 07/16/01 07/l 6101 07/13/01 07/16/01 

VOLATILES @g/L) 
1 , 1,l -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1 ,I ,2-Trichloroethane 
1 ,I-Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
1,ZDichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Disultide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,2-Dichloroethene 
Cis-1,3-Dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene Chloride 
Styrene 
Tenachloroethene 
Toluene 
Total 1 ,ZDichloroethene 
Tram-1,2-Dichloroetene 
Trans-1,3-Dichloropropene 
Trichloroethene 
Vinyl Chloride 
Xylenes (Total) 
NATURAL ATTENUATION PARAMETERS 
Chloride (mg/L) 
Nitrate-iNitriie As N (mgkj 
Nitrogen-Ammonia As N (ma) 
Nitrogen - Total Organic (Ton) (mgk) 
Phosphate, Ortho As P (mg/L) 
Sulfate (mg/L) 
Total Organic Carbon (mg/L) 
Ethane @g/L) 
Ethene (ugk) 
Methane (q/L) 

5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 

10 u 10 UJ 10 u 10 UJ 10 UJ 10 UJ 10 u 
10 u 10 UJ 10 u 10 UJ 10 UJ 10 UJ 10 u 
10 u 10 UJ 10 u 10 UJ IO UJ 10 UJ 10 u 
10 UJ 10 UJ 10 UJ IO UJ 10 UJ 10 UJ 10 UJ 
5u 5u 5u 5u 7 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5 UJ 5u 5 UJ 5u 5u 5 UJ 5u 
5 UJ 5u 5 UJ 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5 UJ 5u 5 UJ 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 35 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 3J 5u 32 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5 UJ 5 UJ 5 UJ 5 UJ 5 UJ 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 3J 5u 36 5 UJ 5u 
5u 5u 5u 5u 35 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5 UJ 5u 
2u 2u 11 2u 30 2 UJ 2u 
5u 5u 5u 5u 5u 5 UJ 5u 

60 
_A? . . u.u3 u 

40 
,.,.- . . 
u.u> u 

9 
^ ^. . . 
u.u3 u 

13 
^ ^- . . 
u.u3 u 

0.1 u 
0.1 u 
0.2 

2 
2 

IO u 
10 u 

190 

40 
^ ^n . . 
u.u3 u 

15 

10 u 
10 u 

7000 

300 J 
^ ^. ._ 
u.u5 u 

20 
. ^. . . 
u.us u 

0.4 
0.5 

0.05 u 
4 

17 
10 u 
10 u 

1000 

4 

10 u 10 u 10 u 
10 u 10 u 10 u 
47 2300 170 

ATTACHMENT A 

GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CTO-0120 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

7.1 15 1U 

16 
10 u 

12000 



ATTACHMENT A 

SAMPLE ID 
SAMPLE DATE 

VOLATILES @q/L) 
1 ,1 , 1 -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1 ,1,2-Trichloroethane 
l,l-Dichloroethane 
1 ,I-Dichloroethene 
1,2-Dichloroethane 
1,ZDichloropropane 
2-Butanone 
2.Hexanone 
4.Methyl-2-Pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Disultide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,2-Dichloroethene 
Cis-1,3-Dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene Chloride 
Styrene 
Tetrachloroethene 
Toluene 
Total 1,2-Dichloroethene 
Tram-1,2-Dichloroethene 
Trams- 1,3-Dichloropropene 
Trichloroethene 
Vinyl Chloride 
Xylenes (Total) 
NATURAL ATTENUATION PARAMETERS 
Chloride (mgk) 
Nitrate+Nitrite As N (mg/L) 
Nitrogen-Ammonia As N (mg/L) 
Nitrogen - Total Organic (Ton) (mgk) 
Phosphate, Ortho As P (mg/L) 
Sulfate (mg/L) 
Total Organic Carbon (mg/L) 
Ethane (ugk) 
Ethene (u&) 
Methane (q/L) 

GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CTO-0120 
MCB, CAMP LEJEUNJX, NORTH CAROLINA 

IR73-GW27-OlC IR73-GW29-OlC IR73-GW35-OlC IR73-GW39DW-OlC IR73-GW40DW-OlC IR73-GW44DW-OlC 
07/16/01 07/14/01 07/16/01 07/16/01 07/13/01 07/16/01 

5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 4J 
5u 5u 5u 5u 5u 35 
5u 5u 5u 5u 5u 5u 

10 UJ 10 UJ 10 UJ 10 UJ 10 u 10 UJ 
10 UJ 10 UJ 10 UJ 10 UJ 10 u 10 UJ 
10 UJ 10 UJ 10 UJ 10 UJ 10 u 10 UJ 
10 UJ 10 UJ 10 UJ 10 UJ 10 UJ 10 UJ 
5u 5u 5u 9 5u 8 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5 UJ 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 

27 2J 5u 70 5u 540 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5 UJ 5 UJ 5 UJ 5 UJ 5 UJ 5 UJ 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 

27 25 5u 70 5u 590 
5u 5u 5u 5u 5u 39 
5u 5u 5u 5u 5u 5u 

30 5u 5u 75 J 5u 920 
2u 1J 2u 75 2u 34 
5u 5u 5u 5u 5u 5u 

20 40 9 50 20 73 __ _. 0.05 u 0.05 u 0.05 u 0.05 u 0.05 u 0.03 u 
0.1 u 
0.3 

0.05 u 
7.8 1 7.8 2 1U 4 

8.3 
10 u 10 u 10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 10 u 10 u 

3700 8700 77 3500 62 6600 



SAMPLE ID 
SAMPLE DATE 

VOLATILES (ug/L) 
1 , 1,l -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,l ,ZTrichloroethane 
1,l -Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-Pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Disultide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Cis-1,2-Dichloroethene 
Cis-1,3-Dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene Chloride 
Styrene 
Tetracbloroethene 
Toluene 
Total 1,2-Dichloroethene 
Trans. 1,2-Dichloroethene 
Trans. 1,3-Dichloropropene 
Trichloroethene 
Vinyl Chloride 
Xylenes (Total) 
NATURAL ATTENUATION PARAMETERS 
Chloride (mgk) 
Nitrate+Nitrite As N (mg/L) 
Nitrogen-Ammonia As N (mg/L) 
Nitrogen - Total Organic (Ton) (mg/L) 
Phosphate, Ortho As P (mg/L) 
Sulfate (me) 
Total Organic Carbon (mg/L) 
Ethane (q/L) 
Ethene (ug/L) 
Methane (ug/L) 

IR73-GW45DW-01C 
07/13/01 

5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 7 5u 
5u 5u 5u 5u 4J 5u 
5u 5u 5u 5u 5u 5u 

10 u 10 u 10 u 10 u 10 UJ 10 UJ 
10 u 10 u 10 u 10 u 10 UJ 10 UJ 
10 u 10 u 10 u 10 u 10 UJ 10 UJ 
10 UJ 10 UJ 10 UJ 10 UJ 10 UJ 10 UJ 
5u 5u 5u 5u 13 2J 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5 UJ 5 UJ 5 UJ 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5 UJ 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
45 15 5u 46 940 34 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5 UJ 5u 5 UJ 5u 5 UJ 5 UJ 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
5u 5u 5u 5u 5u 5u 
45 15 5u 46 940 34 
5u 5u 5u 5u 17 5u 
5u 5u 5u 5u 5u 5u 
5u 25 5u 69 4600 5u 
2u 2u 2u 2u 20 2J 
5u 5u 5u 5u 5u 5u 

20 
0.05 u 

30 
0.05 u 

40 
0.05 u 

30 
0.05 u 

54 
0.05 u 

300 
0.05 u 

1u 

10 u 
10 u 

330 

ATTACHMENT A 

GROUNDWATER ANALYTICAL RESULTS 
OPERABLE UNIT NO. 9 - SITE 73 

MONITORING AND O&M SUPPORT, CTO-0120 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

IR73-GW46DW-01C 
07/13/01 

IR73-GW47DW-01C 
07/13/01 

IR73-GW48DW-OlC 
07/16/01 

1U 

10 u 
10 u 

540 

1u 

10 u 
10 u 

230 

4 

10 u 
10 u 

460 

IR73-GW49DW-OIC 
07/16/01 

36 

10 u 
10 u 

3100 

IR73-GW50DW-01C 
07/16/01 

1u 

10 u 
10 u 

5600 
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DISCLAIMER 

BIOCHLOR is made available on an as-is basis without guarantee or warranty of any kind, 
express or implied. Neither the United States Government, Groundwater Services, Inc., and 
any of the author nor reviewers accept any liability resulting from the use of BIOCHLOR or its 
documentation. Implementation of BTOCHLOR and interpretation of the predictions of the 
model are the sole responsibility of the user. 
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INTRODUCTION 

BIOCHLOR is an easy-to-use screening model that simulates remediation by natural attenuation 
(RNA) of dissolved solvents at chlorinated solvent release sites. The software, programmed lin the 
MicrosoftQ Excel spreadsheet environment and based on the Dome&o analytical solute transport 
model, has the ability to simulate 1-D advection, 3-D dispersion, linear adsorption, and 
biodegradation via reductive dechlorination (the dominant biodegradation process at most 
chlorinated solvent sites). Reductive dechlorination is assumed to oars under anaerobic conditions 
and solvent degradation is assumed to follow a sequential first order decay process. BIOCHLOR 
includes three different model types: 

1. Solute transport without decay, 

2. Solute transport with biodegradation modeled as a sequential first-order decay process . 

3. Solute transport with biodegradation modeled as a sequential first-order decay process with 2 different 
reaction zones (i.e.. each wne has a different set of rate coefficient values). 

BIOCHLOR was developed for the Air Force Center for Environmental Excellence (AFCEE) 
Technology Transfer Division at Brooks Air Force Base by Groundwater Services. Inc., Houston, Texas. 
The mathematical technique to solve the coupled reactive transport equations was deveIoped by 
researchers at the Battelle Pacific Northwest National Laboratory. 

INTENDED USES FOR BIOCHLOR 

BIOCHLOR attempts to answer the following fundamental question regarding RNA: 

l How far will a dissolved chlorinated solvent plume extend if no engineered controls or 
source zone reduction measures are implemented? 

BIOCHLOR uses an analytical solute transport model with sequential first order decay for 
simulating in-situ biodegradation (Sun et al., 1999a; Sun and Clement, 1999). The model w ill 
predict the maximum extent of dissolved-phase plume migration. which may then be 
compared to the distance to potential points of exposure (e.g., drinking water wells. 
groundwater discharge areas, or property boundaries). Analytical groundwater transport 
models have seen wide application for this purpose (e.g., ASTM 1995) and experience has 
shown such models can produce reliable results when site conditions in the plume are.a are 
relatively uniform. 

BIOCHLOR is intended to be used in two ways: 

1. As a screening-level model to determine if RNA is feasible at a chlorinated solvent site. 

In this case, BIOCHLOR is used early in the remedial investigation as a supporting line of 
evidence to determine if natural attenuation is occurring at sufficient rates at a site. If data, 
such as biodegradation rate constants, are not available. literature values may be used. Other 
useful attributes of BIOCHLOR include the facilitation of site characterization data 
organization and the ability to carry out many simulations in short periods of time. For fuel 
hydrocarbon release sites, the BIOSCREEN model may be more appropriate. 
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2. As the primary RNA groundwater model at smaller chlorinated solvent release sites. 

The Air Force Intrinsic Remediation Protocol (Wiedemeier et al.. 1996) describes; how 
groundwater models may be used to help verify that natural attenuation is occurring and to 
help predict how far plumes might extend under an RNA scenario. At large, high-effort sites 

such as Superfund and RCRA sites, a more sophisticated model such as RT3D (Clement, 1997) 
may be more appropriate. At less complicated sites with simple hydrogeology. such as small 
dry cleaner sites, BIOCHLOR may be sufficient to model natural attenuation. 

BIOCHLOR has the following limitations: 

1. As an analytical model, BIOCHLOR assumes simple groundwater flow conditions. 

The model should not be applied where pumping systems create a complicated flow field. In 
addition, the model should not be applied where vertical flow gradients affect contaminant 
transport. (Note that a vertical distribution of chlorinated solvents throughout the saturated 
zone does not preclude the use of BIOCHLOR, as this phenomenon is related to the initial 
vertical migration of dense non-aqueous phase liquids in source zones). 

2. As a screening tool, BIOCHLOR assumes uniform hydrogeologic and environmental 
conditions over the entire model area. 

The model should not be apphed where extremely detailed, accurate results that closely 
match site conditions are required. More comprehensive numerical models should lo applied 
in such cases. 

3. BIOCHLOR is primarily designed for simulating the sequential reductive 
dechlorination of chlorinated ethanes and ethenes. 

The sequential biodegradation feature in BIOCHLOR should not be used for compounds which 
do not degrade via sequential first order kinetics. While the interface is designed for 
simulating the biodegradation of chlorinated ethenes (i.e.. PCE. TCE. DCE. and vinyl 
chloride (VC)) and chlorinated ethanes (i.e., TCA. DCA. and chloroethane (CA)), the :model 
can be adapted for other sequential decay reactions by experienced users (see Appendix AZ). 

gg@*!$ 

FUNDAMENTALS OF NATURAL ATTENUATION 

Overview of Natural Attenuation 

“Natural Attenuation” refers to naturally-occurring processes in soil and groundwater environtnents 
that act without human intervention to reduce the mass, toxicity, mobility, volume. or concentration 
of contaminants in those tnedia. These in-situ processes include biodegradation, dispersion, dilution, 
adsorption. volatilization, and chemical or biological stabilization or destruction of contaminants 

(OSWER. 1996). 

Biodegradation can often be a dominant process in the natural attenuation of chlorinated solvents. At 
chlorinated solvent contaminated sites, the tnajority of solvent biodegradation occurs by reductive 
dechlorination (Wiedemeier et al.. 1996). Reductive dechlorination is a microbially-mediated 
reaction whereby a chlorine atom on the chlorinated solvent is replaced by a hydrogen atom (Vogel 
and McCarty, 1987). In many biological processes, an organic contaminant (such as benzene) acts as an 
electron donor and another substance (such as oxygen. nitrate, etc.) acts as the electron acceptor. 
However. during reductive dechlorination. hydrogen acts as the electron donor and halogenated 

2 
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compounds, such as chlorinated solvents, act as electron acceptors and thus become reduced, as shown 
in the following half reaction: 

R-Cl + H+ + 2e- ------> R-H + Cl- 

Figure 1 shows the reductive transformation pathways for the common chlorinated aliphatics. More 
details on the biodegradation of chlorinated solvents can be Found in Appendix A.2. 

Chloride B 

PCE = Perchloroethene 
b Major Pathway TCE = Trichloroethene 

------ b Minor Pathway DCE = Dichloroethene 
TCA = Trichloroethane 
DCA = Dichloroethane 

Figure I. Reductive Dechlorination pathways for Common 

Chlorinated Aliphatic Hydrocarbons ( from Vogel and McCarty, 1987). 

. . . . . . . . . _../,_ :.~:.:.:i...:.:.:“:.:.. . . . . . . . . . . . . . . _...... _....._ :.:.~.:.:.:.:.:.:;.:.:.~.;~...~.~.!.:.~;;; .:.:...‘...‘i”..~.....“~.......‘..... _... . . . . ..-.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~.~.~.:.~...~,:.~ ,:.:.:.: .:,..:. :.:-.:.:...: . . .._ :... 

Reductive dechlorination can be modeled as a sequential first order decay process. This means that a 
parent compound undergoes first order decay to produce a daughter product and that product undergoes 
first order decay and so on. Generally, the more highly chlorinated the compound, the more rapidly 
it is reduced by reductive dechlorination (Vogel and McCarty, 1985: Vogel and McCarty, 1987). 
Therefore, it is possible for daughter products to increase in concentration before they decrease as 
shown in Figure 2. BIOCHLOR accounts for sequential first order decay of this nature. and this sets it 
apart from BIOSCREEN (Newell et al.. 1996). which models the biodegradation of fuel hydrocarbons 
via first order decay or electron acceptor-limited (instantaneous reaction) processes. 

3 
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Figure 2. Reductive Transformation of Chlorinated Ethenes 

‘:““~:-~.:::~.~;.;~.:.~.:.::~~::~~~:~:::”‘:’:.:.:.:‘:‘:~.~’:.:.: : : :: :: : .< : : :: : : : : : : : L : : : : : : :. ::.: . . . . . . . . ‘...‘“i’.....:.:.:.:.~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... ..Y............ ..A X........~.:.~.:.:.?:~.:.:.:.:.~:.~~~.:.~.:.:.:~.~.:.:.~~:~.:.~~:~.~.:.:~.:.~.:.: .,...........: . . . . . . . “‘~.:.:.~:.:.:::~;::~.:::.::::::~~:~::::;:::~.~:~.:::::~::::~::::::::::::::::~::::::~~~~~::::::::::~:~~:;:~:~.~.:::~:::::::.~:~::::::::::~ .L............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. . . ,.. _ _ _ _. . . __ _ _. . . . _. _ _ _. _ _. . . . _ _ _ _ . _ . . _ . 

For reductive dechlorination to occur, the following conditions must exist: 

1. The subsurface environment must be anaerobic and have a low oxidation-reduction 
potential (ORP). 

2. Chlorinated solvents that are amenable to reductive dechlorination must be present. 

3. A population of dechlorinating bacteria must be present. 

4. An adequate supply of fermentation substrates to produce dissolved hydrogen must be 
present. 

The environmental chemistry and the ORP of a site play an important role in determining whether 
reductive dechlorination will occur. Based on thermodynamic considerations, reductive 
dechlorination will occur only after both oxygen and nitrate have been depleted from the aquifer, 
because oxygen and nitrate are more energetically favorable electron acceptors than chlorinated 
solvents when hydrogen is the electron donor (Wiedemeier et al.. 1996). 

The role of hydrogen as an electron donor during reductive dechlorination is now widely recognized as 
the key factor governing the dechlorination of chlorinated compounds (Gossett and Zinder. 1996; 
Holliger et al., 1993: Maymo-Gate11 et al., 1997; Hughes et al.. 1997: Carr and Hughes, 1998). The 
hydrogen is produced in the terrestrial subsurface by the fermentation of a wide variety of organic 
compounds including anthropogenic compounds such as petroleum hydrocarbons and natural organic 
matter. Hydrogen is then used by the dechlorinating bacteria as an electron donor. 

Although BIOCHLOR primarily models the degradation of chlorinated solvents via reductive 
dechlorination which occurs under highly reduced anaerobic conditions. some of the chlorinated 
solvents may degrade under aerobic conditions. TCE, c-DCE and VC degrade cometabollically 
(McCarty and Semprini, 1994) and VC (Hartmans et al.. 1985: Hartmans and de Bont, 199;!) and 
possibly c-DCE (Bradley and Chapelle, 1998) can be directly oxidized to carbon dioxide under aerobic 
conditions. PCE does not degrade aerobically (McCarty and Semprini. 1994). 

Natural Attenuation Lines of Evidence and the Role of BIOCHLOR 

To support remediation by natural attenuation. it must be scientifically demonstrated that 
attenuation of the site contaminants is occurring at rates sufficient to be protective of human health 
and the environment. According to the “Technical Protocol For Evaluating Natural Attenuation of 
Chlorinated Solvents in Groundwater” (Wiedemeier et al., 1996). three lines of evidence can be used 
to support natural attenuation of chlorinated solvents including : 

4 
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1. Observed reductions in contaminant concentrations along the flow path downgradient from the 
source of contamination. 

2. Documented loss of contaminant mass at the field scale using: 

a) Chemical and geochemical analytical data including decreasing parent compound 
concentration, increasing daughter compound concentrations, depletion of electron acceptors 
and donors, and increasing metabolic byproduct concentrations: and/or 

b) A rigorous estimate of residence time along the flow path to document contaminant mass 
reduction and to calculate biological decay rates at the field scale. 

3. Laboratory microcosm or field data that support the occurrence of biodegradation and give rates of 
biodegradation. 

At a minimum, the investigator must obtain the first two lines of evidence or the first and third lines 
of evidence. The second or third line of evidence is crucial because it provides biodegradation rate 
constants. These rate constants can be used in conjunction with other fate and transport parameters to 
predict contaminant concentration and to assess risk at a downgradient point of compliance 
(Wiedemeier et al.. 1996). 

Although it is estimated that over 80% of fuel hydrocarbon plumes can be managed using natural 
attenuation, use of natural attenuation as a stand alone remedy is appropriate for a much lower 
percentage of chlorinated solvent plumes because of their long plume lengths. Therefore, it is 

particularly important to make an accurate assessment of the potential for natural attenuation for 
chlorinated solvent plumes prior to investing in a detailed natural attenuation study. The natural 
attenuation screening process is outlined in Figure 3. The shaded steps indicate the stages where 
BIOCHLOR plays a role in the screening process. 

The first shaded stage (i.e., “Is Biodegradation occurring?“) is the stage where the natural 
attenuation scoring system comes into play. The scoring system requires the concentrations of electron 
acceptors. parent and daughter chlorinated solvents. methane. TOC, and chloride and ORP. 
temperature and pH measurements (USEPA. 1998: Wiedemeier et al., 1996). This field data is 
evaluated and scored for evidence of biodegradation. BIOCHLOR incorporates this scoring system, 
which can be accessed from the input page. 

If there is evidence of biodegradation, BIOCHLOR may be used subsequently to compare the rate of 
chlorinated solvent transport without biodegradation to the rate of attenuation. Being a transient 
model, the simuIation time can be varied to determine the future extent of contamination. Field- 
derived biological rate coefficients should be used if possible, but literature values may be used in the 
absence of site-specific rate constants or the model may be calibrated to field data. 

The primary purpose of comparing the transport rate to the attenuation rate is to determine if the 
residence time along the ilow path is adequate to protect human health and the environment (i.e.. to 
qualitatively estimate if the contaminant degrades to an acceptable concentration before receptors are 
exposed). In the case of rate coefficients or any other parameter that is not known accurately OI- that 
varies over the extent of the plume, sensitivity analyses should be conducted. If modeling shows that 
the receptors will not be impacted by contaminants at concentrations above risk-based corrective 
action criteria, then the screening criteria are met, and the investigator can proceed with a full 
natural attenuation evaluation. Details of a full natural attenuation evaluation can be found in 
“Technical Protocol For Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater” 
(USEPA, 1998; Wiedemeier et al., 1996). 

5 
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BIOCHLOR CONCEPTS 

The BIOCHLOR Natural Attenuation software is based on a sequential, first order, coupled re.active 
transport model. The transport problem is analytically solved using the Domenico model (19137) by 
uncoupling the transport equations using a novel analytical strategy (Sun el al.. 1999a, 1999b3 Sun and 
Clement, 1999) as discussed in Appendix A.3. The original Domenico model assumes a fully- 
penetrating vertical plane source oriented perpendicular to groundwater flow to simulate the release 
of organics to moving groundwater and accounts for the effects of one-dimensional advective transport, 
three-dimensional dispersion, linear adsorption. and first-order decay. In BIOCHLOR. the 
Domenico solution has been adapted to provide three different model types representing i) transport 
with no decay, ii) transport with sequential first-order decay in one zone, and iii) transport with 
sequential first-order decay in two zones (see Model Types). Guidelines for selecting key input 
parameters for the model are outlined in BIOCHLOR Input Parameters. For help on Output, see 
BIOCHLOR Output. 

BIOCHLOR Model Types 

The software allows the user to view results from three different types of groundwater transport 
models: 

1. Solute transport with f10 decay. This model is appropriate for predicting the movement of 
conservative (non-degrading) solutes. The only attenuation mechanisms are dispersion in the 
longitudinal, transverse, and vertical directions (if present), and adsorption of contaminants to 
the soii matrix (if present). 

2. Solute transport with sequential first-order decay in one zone. With this model, the reactive 
transport of both parent and daughter chlorinated solvents can be modeled. This model aocounts 
for dispersion. adsorption, advection. and sequential biodegradation. The reductive 
dechlorination of the parent solvent to daughter product is assumed to be a first order process. 
That is, the solute degradation rate is assumed to be proportional to the solute concentration. 
However. the daughter products are also yroduced by the first order degradation of the preceding 
parent compound. Therefore. the daughter product can simultaneously undergo both production 
and degradation. “One zone” means that one set of rate constants is used within the model area. 
The model assumes that biodegradation starts immediately downgradient of the source and that 
no biodegradation of dissolved constituents in the source zone occurs. 

The sequential first-order decay model does not directly account for site-specific information such 
as the concentration of the electron donor (i.e., hydrogen) or the number of dechlorinating 
bacteria: this is implicitly accounted for in the first order decay rate coefficient supplied by the 
user. Ideally. rate coefficients measured in the field or derived from model calibration to site 
data should be used. Literature values may also be employed, but the user must be aware that the 
literature value may have been measured under different environmental conditions than those 
present for the plume being modeled. 

3. Solute transport with sequential first-order decay in two zones. This model employs the same 
sequential first order decay kinetics as the preceding model but allows the user to use two 
different sets of rate constants within the model area. This may be appropriate for plumes that 
undergo rapid biodegradation close to the source where there is an excess of fermentable substrates 
but negligible biodegradation further down-gradient where fermentable substrates have been 
depleted or for plumes that go from anaerobic conditions (Type I) to aerobic conditions (Type III). 
Aerobic conditions can only be considered in the second zone as discussed in Appendix A.2. 

7 
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Nate: This model should only be employed when the plume is at steady-state throughout the first 
zone. The plume is at steady-state if plume concentrations (field measurements or lmodel 
predictions) are not changing appreciably with time. 

BIOCHLOR DATA ENTRY 

Three important considerations regarding data input are: 

1. To see the example data set in the input screen of the software, click on the “Paste Example Data 
Set” button on the lower right portion of the input screen. 

2. Because BIOCHLOR is based on the Excel spreadsheet, you have to click outside of the cell where 
you just entered data or hit “return” before any of the buttons will work. 

3. Parameters used in the model can be entered directly into the white cells or they can be calculated 
by the model using data entered in the gray cells (e.g., seepage velocity can be entered directly or 
calculated using hydraulic conductivity, gradient, and effective porosity), followed by pressing 
the “C” button. 

1. HYDROGEOLOGIC DATA 

:. 

:pg~Yniet&li-; j. ::: .:. '. j,:jj, : 

., :: : 

Units 

Description 

Typical Values 

Source of Da la 

How to Enter Data 

F!z&k&tf3~~ : .:. :.j’ j 

Units 

Description 

Typical Values 

Source of Data 

How to Enter Data 

Actual interstitial groundwater velocity, equaling Darcy velocity divided by 
effective porosity. Note that the Domenico mode1 and BIOCHLOR are not 
formulated to simulate the effects of chemical diffusion. Therefore, 
contaminant transport through very slow hydrogeologic regimes (e.g., clays 
and slurry walls) should probably not be modeled using BIOCHLOR unless the 
effects of chemical diffusion are proven to be insignificant. 

0.5 to 200 ftlyr 

Calculated by multiplying hydraulic conductivity by hydraulic gradient and 
dividing by effective porosity. It is strongly recommended that actual site data 
be used for hydraulic conductivity and hydraulic gradient data parameters: 
effective porosity can be estimated. 

1) Enter directly or 2) Fill in values for hydraulic conductivity, hydraulic 
gradient, and effective porosity as described below and have BLOWLOR 
calculate seeaaee velocitv bv oressine the “c” button. 

Horizontal hydraulic conductivity of the saturated porous medium. 

Clays: 

Silts: 

Silty sands: 

Clean sands: 

Gravels: 

<1x1O‘6 cm/s 

1x10-” - 1x10-‘cm/s 

1x10-’ - lxlO‘tcm/s 

1x10-’ - I cm/s 

> I cm/s 

Pump tests or slug tests at the site. It is strongly recommended that actual site 
data be used for most RNA studies. 

Enter directly. If seepage velocity is entered directly, this parameter is not 
needed in BIOCHLOR 
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1. HYDROGEOLOGIC DATA (cont’d) 

,p~++3r+et~r; .: ‘., : 
.,.. ., .:.... :... . . . . :... ..: ..:.: :.. : j 1 ,Hj;~~~lrli6:G~~dlpnti-‘(i)i:’ j,‘: I i .: .: i.‘.:;‘if;;::‘i: j;[.i,:‘.i;j:i jij:.,ljiij’i:l::j’:i:::.i ;:::ii:, :i::i:ii::: 

Units I ft/ft 

Description The slope of the potentiometric surface. In unconfined aquifers, this is 
equivalent to the slope of the water table. 

Tmical Values 0.0001 - 0.05 fffft 

Source of Data 

How to Enter Data Enter directly. If seepage velocity is entered directly, this parameter is not 
needed in BIOCHLOR 

1 1 

Calculated by constructing potentiometric surface maps using static water level 
data from monitoring wells and estimating the slope of the potentiometric 
surface. 

_... :.. ,,... . . . . . . /.. . . . . . . . . . . . . . . . __...... i. :. .:. . _.. ., . . . .:i. :. ~~~~~~~~ii;iiii.ii;lii:ijjii:li:iiiijiiji:ii:~ :~~~~~~~~~~~~~~~~~~~..~~~~~~~~~~~~~~~~~~~:~,~~~~~~~~~~~~~~~~~~~~.~,~~~~~~~~~~~.~~~~~~~,~~:~~~~~~~~~~~~~~~~~~~~~~:.:jij~:ijii _,. .,. /... 

Units unitless 

Description Dimensionless ratio of the volume of interconnected voids to the bulk volume 
of the aquifer matrix. Note that “total porosity” is the ratio of all voids 
(included non-connected voids) to the bulk volume of the aquifer matrix. 
Differences between total and effective porosity reflect lithologic controls on 
pore structure. ln unconsolidated sediments coarser than silt size, effective 
porosity can be less than total porosity by 2-5% (e.g. 0.28 vs., 0.30) (Smith 
and Wheatcrafi, 1993). 

Typical Values Values for Effective Porosity: 

Clay 0.01 - 0.20 Sandstone 0.005 - 0.10 
Silt 0.01 - 0.30 Unfract. Limestone 0.00 I- 0.05 
Fine Sand 0.10 - 0.30 Fract. Granite 0.00005 - 0.01 
Medium Sand 0.15 - 0.30 
Coarse Sand 0.20 - 0.35 
Gravel 0.10 - 0.35 

(From Wiedemcier, Wikon. et al.. 1995; origitxzllyfiom Domenico urtd 
Sch wnr1z. I990 und wuIion. 1988). 

Source of Data 

How to Enter Data 

Typically estimated. One commonly used value for silts and sands is an 
effective porosity of 0.25. The ASTM REKA Standard (ASTM, 1995) includes 
a default value of 0.38 (to be used primarily for unconsolidated deposits). 

Enter directly. Note that if seepage velocity is entered directly, this parameter 
is still needed to calculate the retardation factor and plume mass flux. 
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2. DISPERSIVITY 

.’ .“. :.: 

Units ft 
Description 

Typical Values 

Source of Data 

Dispersion refers to the process whereby a plume will spread out longitudinally 
(along the direction of gromidwater flow), transversely (perpendicular to 
groundwater flow), and vertically downwards because of mechanical mixing in the 
aquifer and chemical diffusion. Selection of dispersivity values is a difficult 
process, given the impracticability of measuring dispersion in the field. However, 
simple estimation techniques based on the length of the plume or distance to the 
measurement point (“scale”) are available from a compilation of field test data. 
Researchers indicate that dispersivity values can range over 2-3 orders of 
magnitude for a given value of plume length or distance to measurement point 
(Gelhar et nl., 1992). For more information on dispersivity, see Appendix A.4. 

The user also has the option to enter fixed diffisivity values or dispersivity 
relationships as a fimction of x (distance from the source in fi). BIOCHLOR is 
programmed with some commonly used relationships based on scale that are 
representative of typical and low-end dispersivities. A iixed dispersivity value 
should be used for 2-zone simulations. 

. Longitudinal Dispersivity 

The user is given three options: 
Option I (the default option) allows the user to specify a fixed value for alpha x. 
One commonly used relationship is to assume that alphax is 10% of the estimated 
plume length. This option is required for conducting 2-zone biodegradation 
simulations. 

O@on 2 assumds that alpha x = 0. I * x (Pickens und Grisuk, I981) 

U,&on 3 calculates the longitudinal dispersivity using a modified version of the Xu 
and Eckstein correlation: 

Alpha x 

(A% md Ecksfeitz. 1995; Al-Smaiyatt. 1996) 

. Transverse Dispersivity 

The user may choose a ratio of alpha y : alpha x. One commonly used ratio is: 
Alpha y: alpha x = 0.10 (Bawd on high reliability 

points ji-onz Gelhar et al.. 1992) 
. Vertical Dispersivity 

The user may choose a ratio of alpha z : alpha x. One commonly used ratio is: 
Alpha z: alpha x = 0.05 (ASTM. 199s) 

Alternatively, alpha z :alpha x can be set to a very low number (e.g., E-99) to yield 
a conservative estimate of vertical dispersion. This is the default value used in 
BIOCHLOR 
Other commonly used relationships include: 

Alpha x = 0.1 Lp (Pi&m and Grkuk, 198I) 

Alpha y = 0.33 alpha x (ASTM. 1995) (EPA. 1986) 

Alpha z = 0.025 alpha x to 0.1 alpha x (EPA. I986) 

Typically estimated using the relationships provided above (see Appendix A.4). 
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2. DISPERSIVITY (cont’d) 

,, ..: i ..:i:::i:: 

How to Enter Data 

~ 

1) Click on “Change Alpha x Calc. Method” button. Select an option for alpha x. 
if you select Option 3, enter a fixed value in the box. Enter ratios for alpha y and 
alpha z. 2) If the “Change Alpha x Calc. Method” button is not depressed, then 
the following are the default options and values used by BIOCHLOR: Option 3 
(fixed value of 40 fi) is used to calculate alpha x. The alpha y : alpha x ratio is set 
to 0.1 and the aluha z : aloha x ratio is set to Ix lo*‘. 

3. ADSORPTION DATA 

Units 
Description 

Typical Values 

Source of Data 

How to Enter Data 

unitless 

Adsorption to the soil matrix can reduce the concentration of dissolved 
contaminants moving through the groundwater. The retardation factor is the ratio 
of the groundwater seepage velocity to the rate that organic chemicals migrate in 
the groundwater. A retardation value of 2 indicates that if the groundwater 
seepage velocity is 100 ft/yr, then the organic chemicals migrate at 
approximately 50 ft/yr. The degree of retardation depends on both aquifer and 
constituent properties. 

I to 6 (for solvents in typical shallow aquifers) 

Usually estimated from soil and chemical data using variables described below (pb 
= bulk density, n = porosity, 16, = organic carbon-water partition coefficient, I(d 
= distribution coefficient, and f, = fraction organic carbon on uncontaminated 
soil) with the following expression: 

R=l++ where K, = K,, .foc 

When biodegradation rates are insignificant, the retardation factor can be 
estimated by comparing the plume length of an adsorbed compound to the plume 
length of a conservative (non-adsorbing) compound. 

1)Enter the retardation factor for each constituent directly, or 2) Fill in the 
estimated values for bulk density, partition coefficient, and fraction organic 
carbon as described below and have BIOCHLOR calculate the retardation factor by 
pressing the “c” button. 
Common R: BIOCHLOR can only handle one retardation factor for all the 
constituents, not individual retardation factors. Currently, BLOCHLOR calculates 
the median retardation factor and uses that value in all calculations. 
Alternatively, the user can enter another retardation value in the cell beside 
Common R 

Description 

Typical Values 

Source of Data 

How to Enter Data 

Bulk density, in kg/L, of the aquifer matrix (related to porosity and pure solids 
density). 

Although this value can be measured in the lab, in most cases estimated values are 
used. A value of I .7 kg/L is used frequently. 

Either from an analysis of soil samples at a geotechnical lab or, more commonly, 
application of estimated values such as 1.7 kg/L. 

Enter directly. Lf the retardation factor is entered directly, this parameter is not 
needed in BIOCHLOR. 
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3. ADSORPTION DATA (cont’d) 

Description 

Typical Values 

Source of Data 

How to Enter Data 

(mglkg) / (mg/L) or (L/kg) or (mL/g) 

Chemical-specific partition coefficient between soil organic carbon and the 
aqueous phase. Larger values indicate greater affinity of contaminants for the 
organic carbon fraction of soil. 

Perchloroethylene 398 L/kg Trichloroethylene 126 likg 

Dichloroethylene 126 L/kg Vinyl Chloride 316 L/kg 
(all at 20 “C) 

(Note that fhere i.r a wide range OJ reporfed values and these v&es are 
temperature-dependent) 

Chemical reference literature or relationships between K, and solubility or & 
and the octanol-water partition coefficient (KJ. 

Enter directly. Lf the retardation factor is entered directly, this parameter is not 
needed in BLOCHLOR 

.,, . . . /_ _. __ 
‘~~~,;i~~~ii~,~~:~:~:~~~~~:::ll:~:~~~::~ ii~~~~~ijii~~~~~~~~~~:~~~~~~~(?~~,.~~,:~~~,:~~~~,:~~~~~~~~~~~:~~~~~~~~~~~~~~~:~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~.~~~~~:~:,~,~:~ 1. .,. . . . . . 

Units unitless 

Description Fraction of the aquifer soil matrix comprised of natural organic carbon in 
uncontaminated areas. More natural organic carbon means more adsorption of 
organic constituents on the aquifer matrix. 

Typical Values 0.0002 - 0.02 
Source of Data The fraction organic carbon value should be measured, if possible, by collecting 

a sample of aquifer material from an uncontaminated zone and performing a 
laboratory analysis (e.g., ASTM Method 2974-87 or equivalent). If unknown, a 
default value of 0.001 is often used (e.g., ASTM 1995). 

How to Enter Data Enter directly. If the retardation factor is entered directly, this parameter is not 

I needed in BIOCHLOR 
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4. BIODEGRADATION DATA 

Units 
Description 

Typical Values 

Source of Data 

How to Enter Data 

Rate coefficient describing first-order decay process for dissolved constituents. 
The fmt-order decay coefficient equals 0.693 divided by the half-life of the 
contaminant in groundwater. If a solvent is undergoing first order decay only, 
the rate of biodegradation depends on the concentration of the contaminant and 
the rate coefficient. In the case of sequential fust order decay, the solvent is 
assumed to degrade by fust order kinetics, but it is also’ simultaneously being 
produced by the fmt order decay of the preceding compound (see Appendix A.2) 
Considerable exe must be exercised in the selection of a frost-order decay 
coefficient for each constituent to avoid significantly over-predicting or under- 
predicting actual decay rates. 
For guidance on how to model your site assuming one or two biodegradation 
zones, see General, Section 5. 

Perchloroethylene 0.25 to 19.7 yi’ 
Trichloroethylene 0.04 to 105.9 yr-’ 

cis- I ,2-Dichloroethylene 0.18 to 9.5 yi’ 
Vinyl Chloride 0.011 to 4.4 yr.’ 

(from Wiedemeier ei al.. 1996) 

Note: The equations in BIOC.HLOR cannot accept a zero value for any of the rate 
coefficients. BIOCHLOR checks entered values and assigns a low value if zero is 
entered. Also, no two rate constants in the same zone can be identical. 
BLOCHLOR will issue an error message and ask the user to re-enter the rate 
coefficients. 

Optional methods for selection of appropriate decay coefficients are as follows: 

Literature Values: Various published references arc available listing 
biodegradation rate coefficients (e.g., Wiedemeier et al., 1996; Howard et al., 

1991). Note that many references report the half-lives; these values can be 
converted to the first-order decay coefficients using k = 0.693 I t,.? (see 
dissolved plume half-life). 

Calibrate to Existing Plume Data: BLOCHLOR can be used to determine 
first-order decay coefficients that best match the observed site concentrations. 
One may adopt a trial-and-error procedure to derive a best-fit decay coefficient 
for each contaminant by varying the decay coefficient until predicted 
concentrations match measured concentrations. 

Other Methods: The “Technical Protocol for Evaluating Natural Attenuation 
of Chlorinated Solvents” (USEPA, 1998: Wiedemeier cl al., 1996) describes 
other methods for obtaining rate coefficients, including the use of microcosm 
data and use of field-scale tracer data. 

1) Enter directly or 2) Fill in the estimated half-life values as described below 
and have EIOCHLOR calculate the first-order decay coefficients by pressing the 
“c” button. 
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4. BIODEGRADATION DATA (cont’d) 

Description 

Typical Values 

Source of Data 

How to Enter Data 

Description 

Typical Values 

Source of Data 

How to Enter Data 

Time, in years, for dissolved plume concentrations to decay by one half as 
contaminants migrate through the aquifer. (These half-lives assume the solvent 
is undergoing degradation only and is not being produced by the degradation of a 
parent compound.) The amount of degradation that occurs is related to the time 
the contaminants spend in the aquifer. 
Considerable care must be exercised in the selection of a half-life for each 
contaminant in order to avoid significantly over-predicting or under-predicting 
actual decay rates. 

Perchloroethylene 0.05 to 4 yr 
Trichloroethylene 0.009 to 25 yr 
cb-1,2-Dichloroethylene 0.1 to 5.6 yr 
Vinyl Chloride 0.23 to 90.9 yr 
(fram Wicdenzcier et al.. 1996) 

Optional methods for selection of appropriate half-lives are the same as for the 
rate coefficients 

Enter directly in gray cells and press the “c” button. If the first-order decay 
coefficient is entered directly, this parameter is not needed in BIOCHLOR. 

1 /years 

Rate coefficient describing first-order abiotic decay process for chloroethane. 
Chloroethane degrades abiotically to ethanol. 

Note: Although l,l,l-TCA can abiotically decay to l,I-DCE via elimination 
and to acetic acid as a result of hydrolysis, BIOCHLOR cannot handle abiotic 
decay and daughter product generation simultaneously. BIOCHLOR can be used 
to simulate the degradation of l,I,l-TCA alone by setting the initial daughter 
product concentrations to zero, the biological rate constants for DCA and CA to 
zero, and entering a TCA degradation rate coefficient on the input page. This 
rate coefficient represents the sum total of all abiotic and biotic coefficients for 
processes observed in the field at your site. BIOCHLOR will generate TCA 
predictions, but daughter product predictions should be ignored. 

Note that the abiotic rate coefficients for the chlorinated ethenes are very slow 
(greater than 10” years half-life, (Jeffers et al., 1989)) and therefore abiotic 
degradation can be. ignored for PCE, TCE, DCE, and VC. 

chloroethane to ethanol 0.37 yr” (20°C) 

l,l,l-trichloroethane to 1,1-DCE 0.058-0.32 yr-’ (to-20 “C) 
1 ,l,l-trichloroethane to acetic acid 0.25 to 0.41 yi’ 

($rom Vogel and McCurfy, f987; McCarty. f996) 

Optional methods for selection of appropriate half-lives are as follows: 
Literature Values: Various published references are available that list rate 
coefficients for hydrolysis and other abiotic processes (e.g., see Howard ef al.. 
1991). 

Press “h,” button. Enter values in the dialog box and press “OK”. 
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4. BIODEGRADATION (cont’d) 

Description 

Typical Values 

How to Enter Data 

5. GENERAL DATA 

Units 

Description 

Typical Values 

Source of Data Values should be slightly larger than the final plume dimensions or should 
extend to the downgradient point of concern (e.g., point of exposure). If only 
the centerline output is used, the plume width parameter has no effect on the 
results. 

How to Enter Data Enter directlv. 

Because biodegradation rate expressions are calculated on a molar basis and 
BIOCXLOR accepts concentration data on a mass basis (i.e., mg/L), a 
conversion factor must be incorporated to account for the amount of mass of 
daughter product produced from the degradation of the parent compound. The 
yield is the ratio of the daughter product molecular weight to the parent 
compound molecular weight. Note: This is NOT the biomass yield 

TCEYPCE 0.795 DCA/TCA 0.742 

DCEITCE 0.737 CA/DCA 0.652 

VUDCE 0.645 ETHAKA 0.465 
ETHNC a.450 

Values for the chlorinated ethenes and ethanes have been provided. The user 
only needs to input yields if working with other substances that decay by 
seauential first order decav. 

Enter directlv. 

ft 

Physical dimensions (in feet) of the rectangular area to be modeled. To 
determine contaminant concentrations at a particular point along the centerline 
of the plume (a common approach for most risk assessments), enter this 
distance in the “Modeled Area Length” box and see the results by clicking on the 
“Run Centerline” button. 
If one is interested in more accurate mass calculations, make sure most of the 
plume is within the zone delineated by the Modeled Area Length and Width. 
Find the mass flux results using the “Run Array” button. 

500-3000 ft (length) 
zso-1000 ft (width) 

up&+&+ ; : :,i,!.. 1 : j : :~~~j+[&~:,t&.$ @ .'.iijlii: i._ ':::,i:j:.i ::~.i..::ij'il,_.:':~ :j;i::.I :I I 'i,i.:.i,:!j::i:j i:i :i,_ .::! ;;!:I:. 

Units years 
Description Time (in years) for which concentrations are to be calculated For steady-state 

I stmulations, enter a large value (i.e., 1000 years would be sufficient for most 

Typical Values 1 to 1000 years 

To match an existing plume, estimate the time between the original release and 
the date the field data were collected. To predict the maximum extent of plume 
migration, increase the simulation time until the plume no longer increases in 
length. 

Enter directlv. 
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5. GENERAL DATA (cont’d) 

Units 

Description 

Typical values 

Source of Data 

How to Enter Data 

ft 

Length of first biodegradation zone in feet. This is the same as the model length 
if the user is modeling the plume as one zone. 

Modeling a site using two zones allows the user to specify different fmt order 
decay coefficients for each zone of the aquifer. One biodegradation zone is 
appropriate for sites where the environmental conditions do not change 
appreciably over the extent of the plume (consistent levels of hydrogen, low 
DO). For sites where environmental conditiqns change significantly over the 
extent of the plume, a 2-zone model may be more appropriate, For example, 
sites with high levels of fermentable organics (high HZ) near the source but not 
near the plume front may be best modeled in two zones because the 
concentration of hydrogen affects the growth rate of dechlorinators. This, in 
turn, affects the fust order decay coefficient (i.e., the more bacteria, the higher 
the first order decay coefficient). Although BIOCHLOR is primarily designed to 
model the anaerobic sequential decay of chlorinated solvents, aerobic and no 
degradation zones can also be modeled (see Appendix A.2, for instructions). 
Note that two-zone biodegradation estimates should only be 
used when the plumes in zone 1 are at steady-state (i.e., 
concentrations not changing with time). 

500-3000 ft 

If only one biodegradation zone is being modeled, then use the same value as the 
model length. 
If the plume will be modeled in two zones, delineate the two zones by looking 
at field data (e.g., D.O. , fermentable carbon, or hydrocarbon concentrations) 
and determining an appropriate distance from the source. 

Enter the value for zone 1 directly. The value for zone 2 will be automatically 
calculated by deducting the Mne 1 length from the model area length when the 
“c” button is pressed. Lf only one biodegradation zone is being modeled, be 
sure that the zone I length is the same as the model area length. 
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6. SOURCE DATA 

Units 

Description 

Typical Values 

Source of Data 

How to Enter Data 

Aqueous phase concentration of chlorinated solvents in the source zone. 

The source term corresponds to a vertical source plane, normal to the direction of 
groundwater flow, located at the downgradient limit of the area serving as the 
principal source of solvent release to the groundwater (e.g., affected unsaturated 
zone soils, NAPL plume, land disposal unit, spill area etc.). Ln the absence of 
such data, the source term should be located at the point of the maximum measured 
plume concentration(s). One “rule of thumb” for inferring the location of DNAPL 
is to look for aqueous phase concentrations in excess of 1% of solubility 
(Pankow and Cherry, 1995, Cohen and Mercer, 1993). Distance to downgradient 
points of exposure should then be measured from this location along the 
principal direction of groundwater flow. 

l< 
I Groundwater t 

; SOune mea: 
I 

: : Collstauent influentto , 
I gmundwatwsystem ‘ 

For the single planar option, the maximum source zone concentration should be 
entered on the input page (or in the dialog box that transfers the data to the input 
page). This yields the most conservative centerline concentration profiles. For 
the spatially-varying option, the user may enter three concentrations. The 
maximum concentration in the source zone can be used in zone 1 and geometric 
mean concentrations can be used in zones 2 and 3. 
Using a single planar source yields accurate centerline concentration profiles, 
but concentrations off the centerline will be overestimated. The use of a spatially 
variable source will yield better off-centerline concentration estimates but 
requires considerably more computation time. For centerline simulations, the 
single ulanar ootion is recommended. 

0.010 to 120 mg/L 

Source area monitoring well data 

Enter directly on input page or press “Source Options” button and follow 
instructions. 
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6. SOURCE DATA (cont’d) 

Units 

Description 

Typical Vaiues 

Source of Data 

How to Enter Data 

The Domenico (1987) model assumes a vertical plane source of constant 
concentration. The source width is the extent of the source zone perpendicular to 
the groundwater flow. 

120-350 ft 

To determine a source width across the site, draw a line perpendicular to the 
direction of groundwater flow direction in the source zone. The source zone is 
typically defined as being the area with contaminated soils having high 
concentrations of sorbed organics, free-phase NAPLs, or residual NAPLs. Lf the 
source zone covers a large area, it is best to choose the most downgradient or 
widest point in the source area for determining the source width. 

Single Planar 
For a single planar source, choose one width. 

Spatially Varying 
For a spatially variable source, BIOCXLOR allows the user to enter up to three 
widths and concentrations to define the source zone using isopleth data. See the 
diagram below. 

Enter directly on input page or press “Source Options” button and follow 
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6. SOURCE DATA (co&d) 

Units 
Description 

Typical Values 

Source of Data 

How to Enter Data 

Thickness of dissolved solvent in the source area 

The Domenico (1987) model assumes a vertical plane source of constant 
concentration. For many solvent spill sites the thickness of this source zone 
will be the saturated thickness of the aquifer. As these solvents sink to the 
bottom of the aquifer, they leave residual DNAPL behind that act as a source of 
groundwater contamination that extends vertically from the water table to the 
bottom of the saturated zone. 

SURFACE 

TOP OF 
WATER-BEARING 

UNIT 

Source 
Thickness 

BOTTOM OF 
WATER-BEARING 

UNIT 

20-50 ti 

This value is usually determined by evaluating groundwater data from wells near 
the source zone screened at different depths. If this type of information is not 
available. then the death of the aauifer can be used as a conservative estimate. 

Enter directly. 

7. FIELD DATA FOR COMPARISON 

Description 

Typical Values 

Source of Data 

These parameters are concentrations of dissolved organics in wells near the 
centerline of the plume. These data are used to help calibrate the model and are 
displayed with model results in the “Run Centerline” option. 

0.001 to SO mg/L 

Monitoring wells located near the centerline of the alume. 
How to Enter Data Enter as many or as few of these points as needed. The data are used only to help 

calibrate the model when comparing the results from the centerline option. Enter 
the distance from the source that corresponds to the field concentration. 
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ANALYZING BIOCHLOR OUTPUT 

The output shows concentrations along the centerline (for two kinetic models at the same time) or as an 
array (one kinetic model at a time). Note that the results are all for the time entered in the 
“Simulation Time” box. 

Centerline Output 

Centerline output is displayed when the “Run Centerline” button is pressed on the input screen. The 
centerline output screen shows the concentration at the top of the saturated zone (z=O) along the 
centerline of the plume (y=O). The first screen shows the concentration profiles and field data for a 11 
the constituents on one plot as well as a no degradation curve for the total chlorinated solvents, This 
information is plotted on a linear plot. The user may view the output on a semi-log plot by pressing 
the “Log <--> Linear” button. 

On the second output screen, the user can view the IY) degradation curves and the biodegradation 
curves for each constituent one at a time by pressing the buttons to the right. The model predictions 
are also presented in tabular form and may be printed out. 

After a simulation has been run and the user has returned to the input page, the user may opt to use the 
“See Output” button. This button allows the user to go directly to the output without running the 
model. If the “See Output” button is pressed prior to running a simulation, output errors may result. 

Array Output 

The array output is displayed when the “Run Array” button is pressed on the Input screen. Choose the 
constituent that you would like to view by selecting it in the upper right hand comer. Then select one 
of the two model types (No Degradation or Biodegradation). A 3-D graphic presents the 
concentration profile on a 1 l-point-long by 5-point-wide grid. To alter the modeled area. adjust the 
Model Area Length and Width parameters on the input screen. 

To see the plume array that exceeds a certain target level (such as an MCL or risk-based cleanup 
level), enter the target level in the box and push “Plot Data > Target”. Only sections of the plume 
exceeding the target level will be displayed. To see all the data again. push “Plot All Data”. Note 
that BIOCHLOR automatically resets this button to “Plot All Data” when the “Run Array” button is 
pressed on the input screen. An approximate mass flux is presented on the array output screen. 

Calculating the Mass Balance (Order- of-ibkgnitude Accuracy) 

: 
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BIOCHLOR calculates the mass of organics in the plume array for two models: 
1) No Degradation and 2) Sequential First Order Decay (Biodegradation/Production) 

The mass is calculated by assuming that each point represents a cell equal to the incremental 
width and length (except for the first column which is assumed to be half as long as the other 
columns because the source is assumed to be in the middle of the cell). The volume of the 
affected groundwater in each cell is calculated by multiplying the area of each cell by the 
source depth and by porosity (the mass balance calculation assumes 2-D transport). The mass 
of organics in each cell is then determined by multiplying the volume of groundwater by the 
concentration and then by the retardation factor to account for sorbed constituents. 
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The mass removed is the difference between the mass of contaminant if no biodegradation 
occurs and the mass of contaminant if biodegradation/productions occurs. For some daughter 
products, the mass removed may be negative as more mass is created than would be present if 
no biodegradation occurred. The percent biodegraded is the mass of solvent removed divided 
by the mass of solvent if no biodegradation occurs. The percent change in mass flux is the 
difference in mass flux at the source compared to the mass flux at the boundary of the model 
area. 

BIOCHLOR counts the number of cells in the 5 x 10 array with concentration values greater 
than 0, and multiplies this by the volume of groundwater in each cell (length * width * source 
thickness * porosity). 

If the user wishes to estimate the volume of the plume above a certain target level, enter the 
target level in the appropriate box and press the appropriate model to display the result 
(No Degradation or Biodegradation). 

Note that the model does not account for the effects of any vertical dispersion. 

If BIOCHLOR Says “Can’t Calc.” for Volume 

If the contaminant concentration in the plume at the end of the model length is greater than 
0.005 mg/L , then the model concludes that the model area (see Input Screen, Section 5: 
General Data) is not sized to capture the entire plume volume in the 5X10 array and writes 
“Can‘t Calc” in the box. The user is encouraged to adjust the modeled length and width to 
capture the plume in the 5x10 array. I 

..:. i+&+of ;*+i; eJ&&gg. &$& ~~e:.~ac-~~~~~~l:I~~.:i::~,.~ ,I: ;.;:.;A:; _:.. I j : i .; i.::.: : ::‘. : 

Using the Darcy velocity. the source thickness, and the source width, BIOCHLOR calculates 
the rate that clean groundwater moves through the source zone where it will pick up 
dissolved solvents. Note that the groundwater Darcy velocity is equal to the groundwater 
seepage velocity multiplied by porosity. 
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QUICK START 

Minimum System Requirements 

The BIOCHLOR model requires a computer system capable of running Microsofta Excel 7.0 or 97 for 
Windows. If you have Excel 97, you are advised to use the Excel 97 version of BIOCHLOR. Operation 
requires an IBM-compatible PC equipped with a Pentium or later processor running at a minimum of 
150 MHz. A minimum of 16 MB of system memory (RAM) is strongly recommended. 

instaliation and Start-Up 

The software is installed by copying the BIOCHLOR model file (BIOCHL7.xls or BIOCH97.xls) and 
the BIOCHLOR help file (BIOCHLR.hlp) to the same folder (II your computer hard drive. To use 
the software, start Excel and load the BIOCHLOR model file from the File / Open menu. 

BIOCHLOR TROUBLESHOOTING TIPS 

Spreadsheet-Related Problems 

The buttons won’t work: BIOCHLOR is built in the Excel spreadsheet environment, and to enter data 
one must click anywhere outside the cell where you just entered data. If you can see the numben you 
just entered in the data entry part of Excel above the spreadsheet, the data has not yet been entered. 
Click on another cell to enter the data. 

#### is displayed in a number box: The cell format is not compatible with the value. (e.g., the number 
is too big to fit into the window). To fix this, select the ceil, pull down the format menu, select “Cells” 
and click on the “Number” tab. Change the format of the cell until the value is visible. If the ,values 
still cannot be read, select the format menu, select “Cells” and click on the “Font” tab. Reduce the font 
size until the value can be read. 

#DIV/O! is displayed in a number box: The most common cause of this problem is that some input data 
are missing. In some cases, entering a zero in a box will cause this problem. Double check to make 
certain that data required for your run has been entered in all of the input cells. Note that for vertical 
dispersivity, BIOCHLOR will convert a “0” into the data entry cell into a very low number to avoid 
#DIV/O! errors. 

There once were formulas in some of the boxes on the input screen, but. they were accidentally 
overwritten: Click on the “Restore Formulas” button on the bottom right-hand side of the input screen 
or press the closest “C” button. 

The graphs seem to move around and change size: This is a feature of Excel. When graph scales are 
altered to accommodate different plotted data, the physical size of the graphs will change slightly. 
sometimes resulting in a graph that spreads out over the fixed axis legends. You can manually resize 
the graph to make it look nice again by double-clicking on the graph and resizing it (refer to the Excel 
User’s Manual), 

The source dialog boxes keep closing. If you press “Enter” when inputting data in a dialog box ~[~pop- 
up window”) then the dialog box will close. Do not press “Enter” and move to the next cell by using the 
mouse and clicking . If you do press “Enter” by accident. simply seiect your source option again. 

The scale on the 3-D graphic on the array page is not even. This is a feature of Excel. There is no way 
of creating an even scale when using unevenly spaced data in a 3-D graphic. 
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Common Error Messages 

Unable to Load Help File: The most common error message encountered with BIOCHLOR is the 
message “Unable to Open Help File” after clicking on a Help button. Depending on the version of 
Windows you are using, you may get an Excel Dialog Box, a Windows Dialog Box, or you may see 
Windows Help load and display the error. This problem is related to the ease with which the 
Windows Help Engine can find the data file, BIOCHLR.HLP. Here are some suggestions (in 
decreasing order of preference) for helping WinHelp find it: 

l If you are fortunate enough to be asked to find the requested file, do so. The file is called 
BIOCHLR.HLP. and it was installed in the same directory/folder as the BIOCHLOR Imodel 
file (BIOCHL7.xls or BIOCH97.xls). 

l Use the File/Open menus from within Excel instead of double-clicking on the filename or 
Program Manager icon to open the BIOCHLOR model file. This sets the “current directory” to 
the directory containing the Excel file you just opened. 

l Change the WinHelp call in the VB Module to “hard code” the directory information. That 
way, the file name and its full path will be explicitly passed to WinHelp. Hints for doing 
this are in the VBA module. If you have Excel 7.0. go to Tools and select Options. From 
Options, select the View tab and check sheet tabs. You will then see the worksheet tabs. 
Select the Macro Module tab and search for the text “Helpfile”. Enter the new path. If you 
have Excel ‘97, go to the Tools menu and select Macro. Enter “btnBasic Help-click” for the 
macro you are searching for. This will take you to all the help files. Enter the new path. 

. As a last resort, you can add the BIOCHLOR directory to your path (located in your 
AUTOEXEC.BAT file). and this problem will be cured. You will have to reboot your machine, 
however, to make this work 
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APPENDIX A.1 DOMENICO SINGLE SPECIES ANALYTICAL MODEL 

Domenico (1987) developed a semi-analytical solution for reactive transport with first orlder 
decay and a two-dimensional (i.e., planar) source geometry. BIOCHLOR uses the Domenico 
solution with Martin-Hayden and Robbins (1997) improvements and assumes that degradation 
reactions oozur only in the aqueous phase. BIOCHLOR evaluates centerline concentrations at 
y=O. z=O and the 2-D array at z=O. The model equation, boundary conditions, assumptions, a.nd 
limitations are discussed below. 

x (r f, = exp 
1 -(I+ 4hcx, /v,)“.5] 

9,” 

exp 

i 

~[l-t(1+4ha,iV,)~‘~] 

2% 

I I * erfc x - vt(l + 4ha, / v,)‘.~ 

I 
2(a,vt) o.5 

* erF 
x - vt(1 + 4ha, /v,)O.’ 

2(a,vt) ‘3 
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C(x. y. z. 0 Concentration at distance x downstrwn~ of source and 
disiancc y offcenrcrline of plume at time t (II@) 

co Concenuatioo in Source Zone at f=O (w$/L) 

x CJistance downgradient of wurce (fi) 

Y Clisr;mce f+ottr plunge ce~m,terline of source (h) 

* Clisrmce frmu rap of ssurared zone to meawren~ent point 
(assumed to he 0: concentrariou is always &en at top of 
satwad zone). 

a, Lougirudinal groundwater dispersivity (0) 

S Transvenc grouudwater dhperxivity (II) 

oi Vertical growdwater dispersivity (ft) 

0, Eikcive Soil Porosiry 

A Firsi-Order Degradlltioo Rate Coefliciet~t(day~‘) 

“. Seepage Velocity (ft/r)=Ki/(O,) 

” Chemical Velocity (hlyr)=v/R 
K Hydraulic Conductivity (fi/yc) 

R Constituent rztsrdation factor 

i Hydrduiic Gradient (ctdcm) 

Y Source Widdl (ft) 
Z Source ikpth (h) 

Note that because biodegradation is assumed to occur only in the aqueous phase. the first order 
rate constant, h, has been divided by R. However, R can be canceled out by replacing v (the 
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compound velocity (i.e.. v,/R)) in the original Dome&o solution with v,. (the seepage 
velocity). 

The Domenico solution was modified for chloroethane (CA) reactive transport to take into 
consideration both biotic and abiotic reactions. The first order rate constant for abiotic decay, 
h,, is added to the biologicai rate constant for reductive dechlorination, h, as shown below. A 11 
other terms in the Domenico equation remain the same. 

\ 

f, = exp 
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xZI-(1+4(h+h*)CI,/v,)0.5] 
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2a x Z(a,vt) o.5 

The initial conditions of the Domenico model are: 

I. c(x, y, 2.0) = 0 (Initial concentration = 0 for x, y, 2. > 0) 

2. c(0. Y. 2.0) = c, (Source concentration for each vertical plane source = Co at time 0) 

The key assumptions in the model are: 

1. The aquifer and flow field are homogenenous and isotropic. 

2. The groundwater velocity is fast enough that molecular diffusion in the dispersion 
terms can be ignored (may not be appropriate for simulation of transport through clays). 

3. Adsorption is a reversible process represented by a linear isotherm. 

The key limitations to the model are: 

1. The model should not be applied where pumping systems create a complicated flow 
field. 

2. The model should not be applied where vertical flow gradients affect contaminant 
transport. 

3. The model should not be applied where hydrogeologic conditions change dramatically 
over the simulation domain. 

The most important modifications to the original Domenico model are: 

1. Biodegradation is assumed to occur only in the aqueous phase. The original Domenico 
model was derived assuming that biodegradation occurred equally rapidly in the soil 
and aqueous phases. To make this adjustment, the rate constants were divided by the 
retardation factor. 

2. To simulate a spatially-varying source, BIOCHLOR superimposes three Domeni.co 
models, each with a different concentration and source width (Connor et al., 1994). The 
original Domenico model was derived for a single planar source of constant 
concentration. 
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APPENDIX A.2 KINETICS OF SEQUENTIAL FIRST ORDER DECAY 

BIOCHLOR primarily models reductive dechlorination, which is assumed to foIlow sequential 
first order kinetics. The user may model the sequential decay of chlorinated ethenes, such as 
PCE and TCE, or the decay of chlorinated ethanes, such as I,1 ,l -TCA. as shown below (Vogel 
and McCarty, 1987): 

1-4 TCE +, 
x3 

Cis-1,2-DCE - Vinyl Chloride 

PCE = Perchloroethene 
b Major Biotic Pathway TCE = Trichloroethene 

------) Abiotic Pathway DCE = Dichloroethene 
TCA = Trichloroethane 
DCA = Dichloroethane 

Although the chlorinated ethenes primarily degrade biologically, chlorinated ethanes can 
degrade both biologically and abiotically. BIOCHLOR allows the user to input both 
biological and abiotic rate constants for chloroethane. For chloroethane (CA), abiotic decay to 
ethanol occurs much more rapidly than biodegradation to ethane. The abiotic decay of l.,l- 
DCA is slow relative to biodegradation so its abiotic degradation is ignored in BIOCHLOR. 
1.1. I -TCA can degrade abiotically to both acetic acid (by elimination) and to l.l-DCE (by 
hydrolysis) (Vogel and McCarty. 1987). Abiotic decay of l,l.l-TCA cannot be modeled using 
BIOCHLOR if accurate daughter product predictions are required. However, if only TCA 
predictions are needed, a lumped rate coefficient (sum of abiotic and biotic first order rate 
coefficients) can be input to model the degradation of TCA alone. 

Chlorinated Ethenes 
The reaction rate equations describing the sequential first order decay of the chlorinated 
ethenes are shown below : 

rPCE = -hlcKE 

rTCE = Y&&E - ?dk 
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where h,. hz, X3. X4 are the first order biodegradation rate coefficients, y,, yz, y3# y4 are the 
daughterparent compound molecular weight ratios, and C,,, C&. COcE, Cvc and C,, are the 
aqueous concentration of PCE. TCE, DCE. vinyl chloride, and ethene, respectively. These 
equations assume no degradation of ethene. From these expressions, it is clear that TCE, DCE. 
and VC are simultaneously being produced and degraded, which often results in :net 
accumulation before observed degradation. Furthermore, these reaction expressions cause the 
reactive transport equations to be coupled to each other as discussed in more detail in Appendix 
A.3. 

Chlorinated Ethanes 
The following are the rate expressions for the degradation of the chlorinated ethanes. 

r TCA = -&I &CA 

rc4 = ~G&CDCA - &+~A)&A 

where h,, &and k, are the biodegradation rate coefficients, hA is the abiotic rate coefficients 
for chloroethane, ys and yb are the daughter:parent compound molecular weight ratios and 
C TCA, C, and C, are the concentration of 1.1, I-trichloroethane, I, I-dichloroethane and 
chloroethane, respectively. 

Because BIOCHLOR is programed in mass.units. yield constants (i.e., y,, yz,...ys) to account lfor 
molecular weight differences between parent and daughter compounds were incorporated. The 
constants are necessary because kinetic expressions are valid on a molar basis only. 

Other Chlorinated Compounds 

Although BIOCHLOR is programmed to model the reductive dechlorination of chlorinated 
ethenes and ethanes primarily, it can also be used to model any chlorinated compound that 
degrades via sequential first order decay kinetics. To use BIOCHLOR for compounds other than 
chlorinated ethenes and ethanes, the user must input the yield constants ( the ratio of daughter 
product to parent compound molecular weights on the input page). Be aware that output graphs 
will still show the chlorinated ethene or ethane Iabels. 

I-Zone vs. 2 -Zone Biodegradation 

If the contaminant plumes are at steady-state, BIOCHLOR can be used to model the plume in 
two zones with a different set of biodegradation rate coefficients in each zone. BIOCHLOR is 
primarily designed to handle zones with anaerobic degradation and no degradation, but it can 
be manupilated to accommodate an aerobic zone in zone 2 in some cases. BIOCHLOR cannot 
model aerobic conditions in zone 1. Table A.1 presents the scenarios that BIOCHLOR can 
handle. Type I, II. and III are AFCEE classifications. A “Type I” environment occurs when the 
primary substrate is anthropogenic carbon (e.g., BTEX or landfill leachate) and microbial 
fermentation of this anthropogenic carbon produces dissolved hydrogen that drives reductive 
dechlorination. A “Type II” environment occurs in areas with high concentrations of 
biologically available native organic carbon. The microbial utilization of the native organic 
carbon produces dissolved hydrogen which drives reductive dechlorination. A Type 1111 
environment occurs in areas characterized by low concentrations of both anthropogenic and 
natural organic carbon and an oxygen concentration greater than 1.0 mg/L (Wiedemeier er al., 

1996). For all two-zone simulations. a fixed longitudinal dispersivity value must be used. 
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Table A.l: Z-Zone Biodegradation Scenarios 

: : ;, ‘Sqgariij :.,:...:: ::; ,i j :.I/ .:,; if;.:.:i:l ,,&,*e;J,~~;:::.: i:.,jl;,j:,i,:.,; 

1 Type I or II (anaerobic, high 
rates) 

2 No Degradation 
3 Type I or II 

Scenario 3 is illustrated in Figure A-1. Here, all the solvents degrade anaerobically in zone 1 
but only VC , c-DCE, and ETH degrade to carbon dioxide under aerobic conditions in zone 2. 

Figure A.1 Mixed Type l/Type 111 Plume Conditions 

In modeling scenario 3 for the chlorinated ethenes. it may be necessary to carry out three 
simulations to generate concentration profiles for all of the chlorinated solvents and ethene. 
Multiple simulations are necessary because the equations programmed in BIOCHLOR 
incorporate sequential first order kinetics expressions and therefore link solvent degradation 
with daughter product generation. Under aerobic conditions, the solvent is assumed to degrade 
directly to carbon dioxide via first order kinetics, and solvent degradation is not linked to 
daughter product generation. Input parameters may be manipulated to avoid accounting for 
daughter product generation. The user should be aware that BIOCHLOR is primarily designed 
to display the original anaerobic pathways. The input/output will not indicate that an 
aerobic path was used or what the degradation products are. The onus is on the user to extract 
only the pertinent output information using the guidance below. 

Table A.2 outlines how to input rate constants for both zones (anaerobic zone 1 and aerobic zone 
2) for each simulation. Rate constants denoted as h’ indicate a rate constant for an aerobic 
process. Note that the rate of ethene degradation under anaerobic conditions in zone 1 is 
assumed to be zero. If only c-DCE degrades under aerobic conditions. then scenario 3 can be 
completed in one run. If c-DCE, VC and ETH degrade aerobically, three runs will be required. 
Run 1 will yield the concentration profiles for PCE, TCE. and c-DCE. (Concentration profiles for 
VC and ETH must be ignored). Run 2 will yield the concentration profile for VC. 
(Concentration profiles for all other compounds must be ignored.) Run 3 will yield the 
concentration profile for ethene (Again, concentration profiles for all other compounds must be 
ignored). The clearest way to present this data is to transfer data from each run to a new Exc:el 
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spreadsheet and re-plot. 

Table A.2: Modeling Scenario 3 for Chlorinated Ethenes 

PCE 
TCE 

vc x.4 0 
i ETH 0 0 I 

Shaded boxes indicate compounds whose output data should be recorded during each run. Shaded boxes indicate compounds whose output data should be ri 

For the chlorinated ethanes, chloroethane is the only solvent that is degraded aerobically so 
that scenario 3 can be accomplished with one run as outlined in Table A.3. 

Table A.3: Modeling Scenario 3 for 
. . .i~~pQu”a:l.il.,i:~~::..~:~:~~~.~~~l..:~~~~~~::~~~~~~:~~~~~ 

I Zone1 I Zone2 

Chlol Gnated 

TCA Al 0 
l,l-DCA L 0 
CA x3 J-3’ 

How BIOCHLOR Models Z-Zone Biodegradation 

The Domenico solution was developed assuming a constant source concentration and a constant 
biodegradation rate coefficient. Simply changing the value of the rate constant at tlhe 
boundary between zones 1 and 2 yields a large discontinuity in the concentration profile. 
Therefore. a new “source” area was defined at the boundary of zones 1 and 2. The new source 

was defined using the concentrations in the last cells of the zone 1 array and modeled as a 
spatially-variable source. To test the validity of this approach, two simulations were carried 
out. In the first, the model length was modeled as one zone of 1200 ft. In the second simulation, 
the model length was divided into two zones (200 ft for zone 1 and 1000 ft for zone 2) and the 
biological rate constants that were used in the l-zone simulation were used in each zone of the 
Z-zone simulation. These simulations were carried out at steady state. These simulations show 
that this solution technique yields good concentration estimates when the plume is at steady 
state. The use of 2-zone biodegradation is NOT recommended when the plume is not at steady- 
state throughout zone 1. 
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APPENDIX A.3 BIOCHLOR SOLUTION 

By T. Prabhakar Clement and Yunwei Sun, Battelle Pacific Northwest National Laboratory, 
Richland. WA -99345. 

Governing Equations 

The BIOCHLOR software solves a set of coupled partial differential equations to describe the 
reactive transport of chlorinated solvent species, such as PCE, TCE, DCE, VC and ETH, in 
saturated groundwater systems. The equations describe one-dimensional advection. three- 
dimensional dispersion, linear sorption, and sequential, first-order biodegradation. AI 1 
equations, except the first. are coupled to a parent species equation through the reaction term as 
shown below: 

8C a’c, a(vc,l -.& DL -- -- 
ay2 

kc 

a.2 ax 1 1 
R % -D a25 a+? a2c2 acvc,) 
z ar-- x -g- +D, gl+ Dz aZ,-T+y,k,c, - kzcz 

R ac3 -D a’c3 a%, a%, acvc,) 
3 7&--- x -p-?q-p ,ZI-,+Y,k,c, -k3c3 

Ra 
C4 - Da 

IC 
‘+D - “at- “&2 

aQ,+, a?, acvc4) 
f w 

----+yJk,c3 -k4c4 2 a2 ax 

+ q 
a2c, a2c, $!TCS) y+D------ 
ay 2 az2 ax 

-I- y,k,c, - kscs 

where c,. c, c,. c,. and c, are concentrations of PCE, TCE, DCE. VC. and ETH. respectively [mg/L]: 
D,, D, and D, are the hydrodynamic dispersion coefficients [ft’/yr]: v is the contaminant 
transport velocity [ft/yr]; k is the first-order degradation coefficient [l/yr]; y is the yield 
coefficient [a dimensionless value; for example. y, would represent the mg of TCE produced per 
unit mg of PCE destroyed]; and R,. R,. R3. R,, and R, are respective retardation factors. In 
BIOCHLOR. the retardation factor values of different species are averaged to compute an 
“effective retardation factor. R”. which is in turn used to compute the effective transport 
velocity and dispersion coefficients. Also, biodegradation is assumed to occur only in the 
aqueous phase (which is a conservative assumption) and hence R is used to divide all the 
degradation reaction terms. 

Analytical Solution Strategy 

The Domenico (1987) solution with some minor improvements suggested by Martin-Hayden and 
Robbins (1997) was used as the base solution to solve the three dimensional problem. The 
solution was directly used to solve the independent equation I. However. since equations 2 to .!I 
are coupled equations, the Domenico solution cannot be used to solve them. Therefore, in 
BIOCHLOR a new transformation procedure is used to first uncouple equations 2 to 5 and recast 
them in the form of equation I (Sun and Clement. 1999: Sun et al. 1999a. Sun et a1. 1999b). The 
transformation equations used are: 

(1) 

(2) 

(3) 

(4) 

(5) 

a,=c,tfic 
k/-k, ’ 

(6) 
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Yr k2 

‘3=‘3 + k,-k, ‘2+ 

y,y,k, k, 

tk, -k,)@, -kl f’ 

Y, il-3 a,=c, +- 
y2Yjk2 k, y,y2yjk,k, k, 

k, -k, ” + (k2-kd(kj-k4)C2+(k,-k4)(k2-k4)(k3-k4fi 

a, =c* + tic4 + Y3Y4k3 k4 Y2Y3yr& % 

k4 -4 (k,-- k,,(k,- k,,?+ (k2-k,)(k,-k,I(k4-k,)C2 

(7) 

(8) 

(9) 

YIy2Y3Y4 k,k2k3 “ 
+ (k, -k,)(k, -k,)(k,- k,)(k4-k,)C’ 

It can be shown that using transformation equations 6 to 10, the reactive transport equations 2 to 
5 can be written in a transformed “a” domain where the coupled transport equations reduce to a 
form similar to equation 1. For illustration purposes, the steps involved in proving the strategy 
for a one-dimensional, 2-species transport problem is given below. 

Consider the folIowing set of one-dimensional fate and transport equations that describe two 
reacting species that are coupled by first-order decay reactions: 

JCL Da 
JC, a c, (10) 

31 
-- I ax2 v+, 5 

35 Da b2 ac, 
c 1-p-V ax -+ y[k,c,- k,c,. 

Since equation 10 is already in the standard form, it can be solved using a standard analytical 
solution. Based on Sun et al. (1999a) work, a transforrnation for the second equation can be 
written as: 

Y,k, (12) 
02 =c2 +R,-k,ci . 

Differentiating equation 12 partially with respect to time we get, 

aa2 +2 YI kl a Cl f 
al at k,-k, al 

(13) 

Substituting (10) and (11) into (12) we get, - 
8% _ azc2 tk2 

27 0x a2 ax 
Y,k, --v-ty,L,c,-kg2tn 

D %- ac, 
I 2 1 ax2 vax- k, Cl I 

Equation 14 can be rearranged as, 

Using (12). equation 15 can be written as: 

3% _ D d’a, aa, Y, +, 
al 1 ax2 ax 

--v-kg2+ylkf cl ----k 
I 2 

Combining the last three terms. equation 16 can be simplified to: 

3% _ Da 
‘a, aa (17) 

al-7jx2 ax 
-v”-k,a, . 

To solve (11). first a standard, one-dimensional solution should be used to solve (17) for 
computing a2 values and to solve (10) for computing c, values (note that c, is always same as a ,) . 
Then, c, values can be computed using equation 12 in an inverse mode. This procedure can be 
repeated for solving any number of coupled reactive species. A more general analysis of this 

34 



@IOCHLOR-DRAFT Februarv 1999 

solution strategy, and a detailed comparison of the analytical results against the numerical 
results of the RT3D code are discussed in Sun and Clement (1998). 

If retarding species are assumed then an effective retardation factor is used to divide the 
transport velocity, dispersion coefficients and degradation rates (since degradation is assumed 
to occur only in the aqueous phase). It should be noted that the proposed analytical solution 
strategy would work only when the constant effective retardation factor is used to represent t’he 
retardation characteristics of all the transported species. 

Computational Procedure 
In BIOCHLOR. the initial concentration of all the species are assumed to be zero. The boundary 
conditions at the source location can be non zero for one or more of the species. The first step 
involved in applying the solution strategy is to convert all initial and boundary conditions of 
all daughter species into the transformed (“a”) domain using the transformation equations 6 to 
9. After transforming all initial and boundary conditions, the Domenico solution is used five 
times to prepare the solution array *a” (a, values at all nodes for all five species), in the 
transformed domain. Finally, the solution arrays are transformed back into the concentration 
domain (“I?’ domain) using an inverse form transformation equations 6 to 9. The FORTRAN code 
given below shows the implementation procedure: 

C Modeling Coupled PCE,TCE.DCE.VC and ETH Transport and Degradation in 
C 3-Dimensional Groundwater Aquifers 
C This Fortran code was developed by: T.P. Clement & Y. Sun 
C BattelIe Pacific Northwest National Laboratory. 

PARAMETER(nx=60, ny=3 1, nc=5) 
C ny should always be an odd number 

REAL*4 k 
DIMENSION c(nx.ny.nc).a(nx.ny.nc),k(nc),y(nc),cO(nc),aO(nc) 

c Input data for Martin-Hayden and Robbins test problem 
c Reference: Vol35(2), p.339, Groundwater.1997. 

dx = 20.0 !delta x 
dy = 20.0 !delta y 
t = 33.0 !total simualation time (years) 
reta = 5.3 !effective retardation factor 
v = 1 I I .7/reta !velocity (ft/yr) 
ax = 16.4 !alpha x (ft) 
ay = 1.64 !alpha y (ft) 
a2 = 0.0 !alpha z 
xsdim = 0.0 !source ditnensions 
ysdim = 100.0 
zsdim = 10.0 

C Autotnatically set source locations 
xsloc = 0.0 !source x location is fixed at the left boundary 
ysloc = (((ny-l)/Z)+l)*dy !fix source y location at the grid center 

c Input reaction parameters 
k(l) = 2.0/reta !effective pee decay rate (I/yr) 
k(2) = 1.5/reta ! tee decay rate 
k(3) = 0.8/reta ! dce decay rate 
k(4) = O.GS/reta ! vc decay rate 

k(5) = 0.000000001 !ethene decay rate 
y(l) = 0.79492 ! ytce/pce 
y(2) = 0.73744 ! ydce/tce 
y(3) = 0.64499 ! yvc/dce 
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y(4) = 0.4496 !yeth/vc 
c Input source concentrations 

CO(I) = 0.1 !mg/l source concentration for pee 
cO(2) = 15.8 !for tee 
cO(3) = 98.5 !for dce 
cO(4) = 3.1 !for vc 
CO(~) = 0.03 !for eth 

c Computing transformation coefficients 
p21 = y(I)*k(l)/(k(I)-k(2)) 
~32 = y(2)*k(2)/(k(2)-k(3)) 
~31 = y(l)*y(2)*k(l)*k(2)/((k(l)-ko)*(k(2)-k(3))) 
~43 = y(3*W)/0<WW)) 
~42 = y(2)*y(3)*k(2)*k(3)/((k(2)-ko)*(ko-k(4))) 
p41 = y(I)*y(2)*y(3)*k(I)*k(2)*k(3)/ 

$ ((k(l)-k(4))*(k(2)-k(4))*(k(3)-k(4))) 
~54 = y(4)*k(4)/(k(4)-k(5)) 
~53 = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~52 = y(2)*y(3)*y(4)*k(2)*k(3)*k(4)/ 

$ t(k(2)-k(5))*tkk(3)-k(5))*~(4)-k(5))) 
~51 = y(l)*y(2)*y(3)*y(4)*k(l)*k(2)*k(3)*k(4)/ 

$ (~(l)-k(s))*(k(2)-k(5))*(ko-k(5))*~(4)-k(5))) 
c Initial concentration are assumed to be zero for all species 
c Transform all boundary conditions into “a” domain 

aO(1) = co(l) 
aO(2) = cO(2) + p2l*cO(l) 
aO(3) = cO(3) + p32*cO(2) + p3 1 *cO( 1) 
aO(4) = cO(4) + p43*cO(3) + p42*cO(2) + p41*cO(l) 
aO(5) = CO(~) + p54*cO(4) + p53*cO(3) -I- p52*cO(2) +p5l*cO(l) 

c Solve the problem using Domenico solution in the “a” domain 
DOic= l.nc 

CALL Dornenico(nx,ny,dx,dy,t,xloc,ysloc,xsdim,ysdim,zsdi~n,v, 
$ ax.ay.az,aO(ic).k(ic).a(l .l .ic)) 

END DO 
c Transforming back into the “c” domain 
c Transform Species # 1 

DO iy=l,ny 
DO ix=l,nx 

c(ix.iy. 1) = a(ix.iy. 1) 
END DO 

END DO 
C Transform Species #2 

DO iy=l.ny 
DO ix=l.nx 

c(ix,iy,2) = a(ix.iy.2) - p2l*c(ix,iy,l) 
END DO 

END DO 
c Transform Species #3 

DO iy=l,ny 
DO ix=l.nx 

c(ix.iy.3) = a(ix,iy,3) - p32*c(ix.iy.2) - p3l*c(ix.iy.l) 
END DO 

END DO 
c Transform Species #4 

DO iy=l,ny 
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DO ix= 1 .nx 
c(ix.iy.4) = a(ix,iy.4) - p43*c(ix.iy,3) 

$ - 1)42*c(ix,iy,2) - p4l*c(ix.iy.l) 
END DO 

END DO 
c Transform Species #5 

DO iy=l,ny 
DO ix=l,nx 

c(ix.iy.5) = a(ix.iy.5) - p54*c(ix,iy,4) 
$ - p53*c(ix,iy,3) - p52*c(ix.iy.2) - p5 l*c(ix,iy. 1) 

END DO 
END DO 

c Output concentration array 
OPEN(lO.FILE=“conc.out”,FORM=‘FORMATTED’.STATUS=‘UNKNOWN’) 

DOic= l.nc 
Write (IO,‘) “Species+/ =“.ic 

DO i = 1, ny 
WRITE(lO,lZ) (c(j.i.ic),j=l,nx) 

ENDDO 
ENDDO 

12 FORMAT (10e15.6) 
c Ouput centerline concentrations 

OPEN(12,FILE=“center.out”.FORM=‘FORMATTED’.STATUS=‘UNKNOWN’) 
i = (((ny-1)/2)+1) !center line location 

DOj= l,nx 
WRITE(12.14) j’dx, (c(j,i,ic),ic=1.5) 

END DO 
14 FORMAT(F10.2.5e15.5) 

STOP 
END 

SUBROUTINE Domenico(nx,ny.dx.dy.t.xsloc,ysloc,xsdim,ysdim, 
$ zsdim.v,ax,ay.az.cO,k,c) 

USE MSIMSL !using IMSL subroutine 
REAL*4 k 
DIMENSION c(nx,ny) 
DO j=l,ny 

DO i=l.nx 
c(i.j)=O.O 

ENDDO 
ENDDO 

c Domenico Anlytical Solution is used as in Martin-Hayden and Robbins paper 
c See equations 5 & I in GW vo1.35(2). 1997, pages p.345 and 340. 

cc = SQRT(l.+(4.*k*ax/v)) 
DO j= 1 ,ny 

DO i=l.nx 
x=i*dx-xsloc 
y=j*dy-ysloc 
z= 0.0 !at the water table 

hx2=ERFC((x - v*t*cc)/(2*SQRT(ax’v*t))) 
IF (hx2 .LE. I .Oe-30) THEN 
111 = 0.0 

ELSE 
hxl=EXP((x*(l.-cc))/(2.%x)) 
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hl=hxl*hx2 
END IF 

hx4=ERFC((x + v*t*cc)/(2*SQRT(ax*v*t))) 
IF (1x4 .LE. I .Oe-30) THEN 
h2 = 0.0 

ELSE 
hx3=EXP((x*(l .+cc)) /(2.*ax)) 

h2=hx3*hx4 
END IF 

hx= hl+h2 
fy=ERF((y+ysdim/2.0)/(2.0*SQRT(ay*x))) 

$ -ERF((y-ysdim/2.0)/(2.0*SQRT(ay*x))) 
IF (az. LE .l.Oe-30) THEN 

fz=2.0 
ELSE 

fz= ERF((z+zsdim) /(2.0*SQRT(az*x))) 
$ -ERF((z-zsdim)/(2.0*SQRT(az*x))) 

ENDIF 
c(i,j)=(c0/8.0)*hx*fy*fz 

END DO 
END DO 

RETURN 
END 
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APPENDIX A.4 DISPERSIVITY ESTIMATES 

Dispersion refers to the process whereby a plume will spread out longitudinally (along the 
direction of groundwater flow), transversely (perpendicular to groundwater flow), and 
vertically downwards due to mechanical mixing in the aquifer and chemical diffusion. 
Selection of dispersivity values is a difficult process, given the impracticability of measuring 
dispersion in the field. However, dispersivity data from over 50 sites has been compiled by 
Gelhar et al. (1992) (see Figures A.2 and A.3. page 39). 

The empirical data indicates that longitudinal dispersivity. in units of length, is related to 
scale (distance between source and measurement point). Gelhar et al. (1992) indicate 1) there is 
a considerable range of dispersivity values at any given scale (on the order of 2 - 3 orders of 
magnitude), 2) suggest using values at the low end of the range of possible dispersivity values, 
and 3) caution against using a single relationship between scale and dispersivity to estimate 
dispersivity. However, most modeling studies do start with such simple relationships, and 
BIOCHLOR is programm ed with some commonly used relationships representative of typical 
and low-end dispersivities. 

Note: Based on Gelhar’s work, use of variable dispersivity values should yield a better 
estimate of concentration at each distance downgradient of the source. However, when using 
field data to calibrate the model and estimate rate coefficients, be aware that the Domenico 
model assumes constant dispersivity values. The user must choose between using a variable 
dispersivity that is likely to be more physically accurate at each point or a fixed dispersivity 
value that makes each point mathematically consistent with each other. In general, if the 
user would like the best estimate of concentration at each point in a BIOCHLOR simulation. use 
a variable dispersivity. If the user would like accurate mass balances between each point, use a 
fixed dispersivity. Fixed dispersivity values should be used for two-zone simulations. 

BIOCHLOR is programmed with some commonly used relationships based on x (distance form 
the source in ft) that are representative of typical and low-end dispersivities. The user al.so 
has the option to enter fixed diffusivity values. 

* Longitudinal Dispersivity 
The user is given three options: 

Option f (the default option) allows the user to specify a fixed value for alpha x. One 
commonly used relationship is to assume that alpha x is 10% of the estimated plume length. 

O@ion 2 assumes that alpha x = 0.1 * x 

Option 3 (the default option) calculates the longitudinal dispersivity using a modified version 
of the Xu and Eckstein correlation: 

Alpha x - 3.28.0.82-[log,,(~)]*‘4ii 

(Xu and Eckstein. 1995: Al-Suwaiyan, 199G) 

l Transverse Dispersivity 

39 



BIOCHLOR-DRAFT Februarv 1999 

The user may choose a ratio of alpha y : alpha x. One commonly used ratio is: 

Alpha y: alpha x = 0.10 (Based on high reliability points from Gelhar et 
al.. 1992) 

l Vertical Dispersivity 

The user may choose a ratio of alpha z : alpha x. One commonly used ratio is: Alpha z: alp’ha 
x = 0.05 (ASTM, I995) 

Alternatively, alpha z :alpha x can be set to a very low number (e.g., E-99) to yield a 
conservative estimate of vertical dispersion. This is the default value used in BIOCHLOR. 

Other commonly used relationships include: 

Alpha x = 0.1 Lp (Pickens and Grkak. 1981) 

Alpha y = 0.33 alpha x (ASTM 1995) (EPA, 1986) 

Alpha z = 0.05 alpha x (ASTM. IPPS) 

Alpha z = 0.025 alpha x to 0.1 alpha x (EPA, 1986) 

<..~.A<~%.. ,.:~.;~...:~.:~~~.:.;~~~ n.. . . . . ..a, . . . . <.:.:.:<$$<::~<:>p. .,....,.... &:i<.:.:.:.:.~~ . . . . . . . . 
.v<z, : .~~~~~‘~~~~.:~.:~.:.~~.: . . . . . . \ . . . . . . < .A..... _ _ .i _ ..I ,..,..~~~~~.:~~.:.:~~~~,....,,..,.;,..,...:.:~~~~.:~.:~.:~~~~~~~.:~~~~.:.~~~~~~.:::~~~:~:~~~~~~~~~~.:~~.:.:.~:~.~:?.:~~~~.:.:~.:~~.:~~~~.:.:~.:.:.:~.:~.~.:.:~~~~~~~~~~~~~~~~~~.:.:.~~.: A.. :.:<.:.:.:.:<..<.x< . . . . ..v.<..<.A<.. A.. T.........,... ..,A.. A.. .: :. A... . . . . . . . . . . . . ..A.. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ .,.. _ . . . . . . . . . . . . . . _. .~“.~.. .~.. ~ ..,...... 

The BIOCHLOR input screen includes Excel formulas to estimate dispersivities from scale. 
BIOCHLOR uses the modified Xu and Eckstein (1995) algorithm for estimating longitudinal 
dispersivities because 1) it provides lower range estimates of dispersivity, especially for large 
values of x and 2) it was developed after weighting the reliability of the various field data 
compiled by Gelhar et al. (1992) (see Figure A.2). BIOCHLOR also employs low-end estimates 
for transverse and vertical dispersivity estimates (0.10 * alpha x and 0, respectively) 
because these relationships better fit high reliability field data reported by Gelhar et al. (see 
Figure A.3). and Gelhar et al. recommend use of values in the lower range of the observed data. 
The user can also enter a fixed longitudinal dispersivity value in the “Change Alpha x Calc.” 
dialog box on the input screen. 

Note that the Domenico model and BIOCHLOR are not formulated to simulate the effects of 
chemical diffusion. Therefore, contaminant transport through very slow hydrogeologic regimes 
(e.g.. clays and slurry walls) should probably not be modeled using BIOCHLOR unless the 
effects of chemical diffusion are proven to be insignificant. 
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Figure A2. Longitudinal dispersivity vs. scale data reported by Gefhar et 
al. (1992). Data includes Gelhar’s reanalysis of several dispersivity 
studies. Size of circle represents general reliability of dispersivity estimates. 
Location of 10% of scale linear relationship plotted as dashed line (Pickens 
and Grisak, 1981). Xu and E&stein’s regression shown as solid line. 
Shaded area defines +l order of magnitude from the Xu and E&stein 
regression line and represents general range of acceptable values for 
dispersivity estimates. 
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Figure A3 Ratio of transverse dispersivity and vertical dispersivity to longitudinal dispersivity data 
vs. scale reported by Gelhar et al. (1992). Data includes Gelhar’s reanalysis of several dispersivity 
studies. Size of symbol represents general reliability of dispersivity estimates. Location of transverse 
dispersivity relationship used in BIOCHLOR is plotted as dashed line. 
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APPENDIX A.5 PUMP AND TREAT COMPARISON 

A useful way to estimate the clean-up time for a contaminated aquifer is to consider the number 
of pore volumes that must be pumped from the contaminated zone to achieve clean-up goals. A 
pump and treat module was added to the BIOCHLOR array output page to permit users to test 
the feasibility of pump and treat systems and to compare pump and treat clean up times with 
natural attenuation predictions. 

The user is provided with the volume of groundwater in the plume (i.e.. a pore volume). One 
pore volume is only a small fraction of the volume of groundwater requiring treatment because 
dense non-aqueous phase liquids (DNAPLs), such as solvents, and sorbed constituents act as 
continuing sources of groundwater contamination. The number of pore volumes required for clean- 
up (i.e.. the number of times the contaminated region must be flushed) is a function of many 
different factors including: the clean-up standard, the initial chemical concentration, t’he 
degree of mixing of clean and contaminated groundwater. geologic heterogeneities. the presence 
and quantity of DNAPL, and sorbed constituents (NRC, 1994). 

In the pump and treat module, the user enters the system pumping rate, and the number of pore 
volumes treated/removed in one year is calculated by the program. This value provides the 
user with a qualitative indication of the feasibility of the pump and treat system. If the 
extraction rate is less than one pore volume per year. the attainment of clean-up criteria will 
likely take decades, even under the most favorable conditions (NRC, 1994). 

Another cell asks the user to input the number of pore volumes that must be removed in order to 
clean-up the aquifer. Using this value and the pumping rate, the time to clean up the 
contaminated aquifer can be estimated. The number of pore volumes required to clean-up t’he 
aquifer is a site-specific and technology-specific value. The document, “Guidance cn 
Remedial Actions for Contaminated Ground Water at Superfund Sites“(EPA. 1988), describes 
two methods for estimating groundwater clean-up times based on the number of pore volumes: 
the batch flushing model and the continuous flushing model. Neither of these methods account 
for DNAPL and, therefore, underestimate clean-up times. A third method accounting for 
DNAPL is reported in Newell et al. (1994) and Wiedemeier et al. (1999). 
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APPENDIX A.7 BIOCHLOR EXAMPLE 

Example : Cape Canaveral Air Station, Fire Training Area, Florida 

l Input Data 

l Fig. A.4 Source Map 

l BIOCHLOR Modeling Summary 

l Fig. A.5 BIOCHLOR Input Data 

l Fig. A.6 BIOCHLOR Centerline Output 

l Fig. A.7 BIOCHLOR TCE Centerline Output 

* Fig. A.8 BIOCHLOR TCE Array Output 
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BIOCHLOR EXAMPLE 

Cape Canaveral Air Station, Florida 

L?ATA:rnEi : : i : . . . . . . 
-lydrogoology 

Xspersion 

kdsorption Individual Retardation Factons 

Biodegradatior 

GeWXal 

Source Data * Source Thickness: 56(ft) 

Actual Data 

OUTPUT Centerline Concentration: 

Hydmulic Conductivity: 1.8 x lo-” (cm/see) 
Hydraulic Gradient: 0.00 12 (fr/ft) 

Porosity: 0.2 

Longitudinal Oispersivity: 

Transverse Dispcrsivity: 
Vertical Dispmivity: 

b Common Retardation Factor 

Soil Bulk Density p,,: 

’ foe: 

* Koc: 

3iodqradation Rate Coefficient 
:IlYr) 

?CE---a TC:E 

ICE---->c-DCE 
,-DC&-->VC 
V<:-----:. ETH 

2.0 
0.9 
0.6 
0.4 

* Modeled Area Length: 1085 (A) 
p Modeled Area Width: 700 (A) 
* Simularion Time: 33 (YK) 

*Source Widths (ft) 

*Source Concentmtions (m$) 

PCE 
TCE 
c-DCE 
vc 
ETH 

Distance From Source (ft): 
PCE Cont. (m8/L): 
TCE Corm. (m8/L) 
c-DCE @J$) 
vc owm 
ETH (m@L) 

Array Conccntmtion: See F&me A.8 

varies with x 

varies with x 

3 w 

PCE: 6.7 
c-DCE: 2.8 
ETH: 5.3 

TCE: 2.8 . Calcul;rted from 
vc: 5.6 R=l+Koc*foc*pb/n 

5.3 

1.6 cw.) 

0.184% 

PCE: 398 (L/k@ TCE: 126 (L&) 
c-DCB: 126 (L/kg) VC: 316(Uk8) 
ETH: 302 (L/kg) 

i?2Qlldmza_r3 
10.5 175 298 

0.056 0.007 0.001 
15.8 0.316 0.01 
98.5 1 .o 0.01 
3.080 0.089 0.009 
0.030 0.013 0.003 

m f2.8 m .lm 
<O.OOl ND co.001 co.001 
0.220 0.0165 0.0243 0.019 
3.48 0.716 1.200 0.556 
3.080 0.797 2.520 5.024 
0.188 ND 0.107 0.150 
See Figures A.6, A.7 

Slug-tests nsults 
t Static water level 

measurements 
* Estimated 

- 

Based on modified 
XdEckstcin relationship 

B 0.1 x longib.tdind dispmsivity 
Assume that vertical 
dispetsivity is zero since 
depth of source is approx. 
depth of aquifer 

* Median value 

. Estimated 

. Lab analysis 

. Literature correlation 
using solubilitics at 20 “C 

- 
- Based on calibration to field 

dst3 usin a simulation time 
of 32 years (field dam 
collected in 1997). Started 
with Literature values and 
then adjusted model to fit 
field dsta 

- 
- Based on area of affected 

groundwater plume 
* from 1965 (first release) to 

1998 (present) - 
- Based on geologic 108s and 

monitoring data (see figure 
A.4 for TCE Example) 

l modeled source area as 
variable source 

l source concentrations are 
aqueous concentrations 

- Based on observed 
concentrations at site near 
centerline of plume 
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River 
I 

source Actual Source COnC. 
ZOfW Wtdth (ft) in 1997 (mglL) How Derived 

- - 
1 105 15.8 Maximum concenlration 

2 175 0.316 Geometric mean between edge of zone 1 and 2 

3 298 0.01 Geometric mean between edge of zone 2 and 3 

SCALE (ft.) 
1 

0 150 300 

LEGEND 

Monitoring point 

Moniloring well location 

0.003 TCE deteded in groundwater sample. mgiL 

-f.o- TCE concentratton isopleth. mglL 

NO No TCE deteded 

BIOCHLOR SOURCE ZONE 

ASSUMPTIONS 

(TCE AS EXAMPLE) 

CCFTA-2, Cape Canaveral Air Station. Florida 

FIGURE A.4 
-...I 
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BIOCHLOR MODELING SUMMARY, CAPE CANAVERAL AIR STATION, FLORIDA 

Entering Input 

l BIOCHLOR was used to reproduce the movement of the plume from 1965 (the best guess for 
when the release occurred) to 1998. 

l The hydraulic conductivity, hydraulic gradient, and the porosity were entered and the “C” 
button was pressed to generate the seepage velocity. 

l For longitudinal dispersivity. the modified Xu and Eckstein correlation (Option 3) was 
chosen. This equation correlates dispersivity with scale (distance from the source). The 
ratio of lateral dispersivity to longitudinal dispersivity was set to 0.1 and the vertical 
dispersivity was set to 0. This last value was chosen because the depth of the source zone is 
similar to the depth of the saturated zone. 

l To determine the retardation factors, the soil bulk density, the partition coefficients at 20°C 
and the fraction of organic carbon were input into the gray cells and the “C” button was 
pushed to yield the retardation factors. BTOCHLOR can only handle one retardation factor, 
not individual retardation factors for each constituent. The default value for the common 
retardation factor is the median retardation factor, but the user can over-ride this value. In 
cases where the retardation factor varies significantly among the constituents, it is 
advisable to do a sensitivity analysis to determine how the choice of the common R affects 
the model predictions. For this simulation, the median value of 5.3 was chosen. 

l For modeling biodegradation, the user has the choice of modeling the plume in one or two 
zones. Modeling in two zones permits the use of a different set of rate coefficients in each 
zone. but requires that the plumes be at steady state (as established from field data). In 
this example, we will model the plume as one anaerobic zone using one set of rate 
coefficients. (Field dissolved oxygen and ORP data was used to establish anaerobic 
conditions. The D.O. concentration was less than 0.7 mg/L at all monitoring points.). Since 
no field-scale rate coefficients or rate data from microcosms was available, rate coefficients 
previously obtained by calibrating the model to 1997 field data were used. Here, the rate 
coefficients were entered into the white cells. 

l In the General Section, the model area length, width, and simulation time must be entered. 
The model area length is the distance from the source to the receptor (the canal. in this case 
study), A width of 700 ft is chosen to be significantly larger than the pIume width to 
capture all of the mass discharging into the canal. A simulation time of 33 years was chosen 
because the simulation is being conducted for 1998. and the solvents were released starting in 
1965. 

l Because we are interested in centerline predictions and the mass flux into the canal, the 
source zone will be modeled as a spatially-variable source. By pressing the “Source 
Options” button and selecting “Spatially-Variable Source”, a dialog box pops up that 
allows for the input of source zone concentration and width data. To obtain the most 
conservative centerline predictions, the maximum concentration in the source zone were used 
for zone 1. The other two concentrations were obtained by taking the geometric means 
between adjacent isopleths (see Figure A.4). Once this data is entered and “OK” is pressed. 
the data is transferred to the input page and you will see the layout shown in Figure A..5. 
Note that any subsequent changes to the source zone concentrations can be done directly cn 
the input page without going through the dialog box. Lastly, the thickness of the source 
zone was determined by entering the deepest depth where chlorinated solvents were 
detected in the aqueous phase. 
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l Lastly, refer to the site map and identify distances from the source and chlorinated solvent 
concentrations close to the centerline of the plume. These values are entered directly on the 
input page in the field data section. If one does not have field-scale rate constants or rate 
data from microcosm studies, these values become important for calibrating the model. 

Viewing Output 

. There are two choices for viewing the output. Centerline predictions are shown for all fiive 
species in Figure A.5 and for TCE in Figure A.6. Figure A.6 shows the centerline predictions 
for each chlorinated solvent and a M degradation curve for all of the chlorinated solvents 
added together as well as field data. From this screen. the user can view the centerline 
predictions of each constituent individually or go to the array screen. Figure A.7 shows t.he 
centerline prediction for TCE, with and without biodegradation. However, any of the 
constituents can be viewed by pressing the buttons to the right of the graph. Here we can see 
that the TCE concentration discharging into the ocean is ~0.001 mg/L. 

l From this screen or from the input screen the array page can be selected. The array output is 
displayed in Figure A.8 for this problem. This three-dimensional figure shows the 
longitudinal and lateral extent of contamination. Again, the user can select the constituent 
to be viewed and the no degradation or biodegradation prediction. Note that the scale an 
the array automatically changes depending on the magnitude of the concentrations. These 
array values are maximum values because the array is evaluated at z=O. 

Other information that is presented on the output screen includes the mass removed and the 
mass flux. The mass flux discharging to surface water or to determine the % decrease in mass 
flux can be determined. In this example, approximately 2 1 mg/day are discharged into the 
canal. 
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Figure A.5. BlOCHLOR Input Screen, Cape Canavera! sir Force he, ~!orida 

49 

1 February 999 



t 



3 -. i 







TCE-Shallow-Path A 

BUSHECK AND ALCANTAR (1995) CALCULATION O-K__ I .A-. 
FIRST ORDER DECAY RATE AND HALF LIFE 

i 

^. 
_--- __ 

100 

I I -.- 

WELL IDISTANCE (FT) ICONC. (q/L)1 __ 
I I I -1 

lR73-IS03 
IR73-IS08 

._ 
0 48 

.- 110 0.5 --- 

Half-Life (no dispersivity) 
I 

,_--- _... --.---.- 

v, = retarded contaminant velocity 6.60 ft/yr 
slope = exponent of y intercept (k/v) 0.0415 lift 
k = first order decay rate (slope * v) :p&y,ft:x@~ y ” f% 

~~~~~~~~~ 1 /yr 
t ,R= half life without dispersion <~#+~A< .A. 3,$x.:.:< . . . . I ~~~~~~~ yr .< ?~g.:$$+:.~.> . . . . . . . ~.:.:.:.:~.~:s~:.~~.~~ 1 I-------- 

I 
Half-Life (using dispersivity) 

I 

L, = Plume Length 

I. I I I . . I IAssumptIons: ! I I I I I I I I I 1 I 

Y = 48eeo.0415x 
R2=l 

0 20 40 60 80 100 120 

Distance(ft) 

I 
1. Wells are located along the groundwater flow line from the source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 
6. Water bearing tone; aquifer exhibits primarily horizontal flow 1 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 
8. The shaded areas are calculated by the spreadsheet. - 1 
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TCE-Shallow-Path B 

BUSHECK AND ALCANTAR (1995) CALCULATION OF _-.-. -- 
FIRST ORDER DECAY RATE AND HALF LIFE 

I 

Shallow--Site 73 -- 
TCE 

WELL DISTANCE (FT) CONC. (ug/L) 

IR73-IS04 0 8 
IR73-IS08 110 0.5 - 

I--- 
Half-Life (no dispersivity) ------ 

____. -.- ..-- _-._-._-- 

v, = retarded contaminant velocity 

Half-Life (using dispersivity) 

l---- 
I 

L, = Plume Length 

50 100 

Distance (ft) 

Y = 8e-“.0252x 
R2= 1 

Assumptions: - 
I I I I I I 

1. Wells are located ___.. u ..~ _ I alono the aroundwater flow line from ONE source ~~ 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 

-0 13. Data fits a linear pattern olotted on semiloa olot (check fitness of line R sauarec I-. _ -._-. .,.. - ,~ ~~~ I 
4. PLUME is STEADY STLTE; NOT TRANSI’ENT‘(NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 
‘6. Water bearing zone; aquifer exhibits primarily horizontai fiow j 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). -- 
8. The shaded areas are calculated by the spreadsheet. 
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DCE-Shallow-Path A 

BUSHECK AND ALCANTAR (1995) CALCULATION OF l.--.---- I I -- I I I I 7 
FIRST ORDER DECAY RATE AND HALF LIFE 

I 1000 

Shallow--Site 73 -.----_ ____ 
DCE 

-- WELL DISTANCE (FT) CONC. (ug/L) 
! 

IR73-IS04 0 130 
- IR73-IS08 110 4 

73MW-13 160 36 -- 
- A47/3-8 350 8 

t IR73-IS20 1 600 
I 

0.5 
, t----l 

-- 
Half-Life (no dispersivity) 

I--. 
v, = retarded contaminant velocity 14.18 ft/yr 
slope = exponent of y intercept (k/v) 
k = first order decay rate (slope * v) 
t In = half life without dispersion ---- 

I 

Half-Life (using dispersivity) 
___---....- 

L, = Plume Length 

100 

z 2 
3 
s .- 
3 10 

E 
p1 
5 
0 

1 

0.1 

y= 151.07e'"~009~ 

R'= 0.9919 

0 200 400 600 800 

Distance@) 

Assumptions: 
I 
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DCE-Shallow-Path B 

IBUSHECK AND ALCANTAR 11995) CALCULATION OF 1 ---L 
FIRST ORDER DECAY RATE‘AND’HALF LIFE 

--T---l 
Shallow--Site 73 

WELL DISTANCE (FT) 

Half-Life (no dispersivity) 
I 

IV r = retarded contaminant velocitv I 14.181ft/vr 1 

k = first order decay rate (slope * v) 

I _ 

Half-Life (using dispersivity) 

IL, = Plume Length1 
r 

first order i, 

Assumptions: Assumptions: 
-/-----a 

I l I 
-’ 

I I I I 

1. Wells are located along the groundwater flow line from ONE source 1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hvdrogeologic unit 5. Wells are screened in same hvdrogeologic unit I I__ I I__ 
6. Water bearing zone; aquifer exhibits primarily horizontal flow 6. Water bearing zone; aquifer exhibits primarily horizontal flow -- -- ( 1 ( 1 
7. The empirical formula for oL had to be converted from meters to feet (Xu and Eckstein, 1995). 7. The empirical formula for oL had to be converted from meters to feet (Xu and Eckstein, 1995). 

0 100 200 300 400 

Distance (ft) 

y = 189.36e~0~0'7X 

R* = 0.9644 

8. The shaded areas are calculated by the spreadsheet.1 
I I I I -_. 
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DCE-Shallow-Path C 

BUSHECK AND ALCANTAR (1995) CALCULATION OF 
FIRST ORDER DECAY RATE AND HALF LIFE 

Shallow --Site 73 

WELL DISTANCE (FT) 

-- 

IR73-IS09 0 
IR73-IS14 150 

Half-Life (no dispersivity) 

lb= retarded contaminant velocity 1 14.18(ft/yr 1 

Half-Life (using dispersivity) 

L, = Plume Lenoth 350 ft 

0.1 

0 50 100 150 200 

Distance (ft) 

Assumptions: 

1. Wells are located alona the aroundwater flow line from ONE source 
2. Half life incorporates aTI atteiuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 

,6. Lliatei beaiina ianef aa~lfei exhibits Diimariiv hoiiiontai ilow ) I I 

17. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 1 I I I --.---- 
8. The shaded areas are calculated by the spreadsheet. 

I I 
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VC-Shallow-Path A 

IBUSHECK AND ALCANTAR (1995) CALCULATION OF .L-----.-._-L--- I I I 
IFIRST ORDER DECAY RA~E‘AND’HALF LIFE 

..----.- 
1 

Shallow--Site 73 1 

lR73-IS04 0 19 
IR73-IS08 110 20 
73MW-13 160 18 

I I 

v, = retarded contaminant velocitv 20.08/ftlvr-I 

I 

Half-Life (using dispersivity) 
-- 

-4 
IL, = Plume Lenath I 45olft I 

10 

y r 6187e4.0’4~X 
R'=l 

1 

0 200 400 600 800 

Distance (ft) 

Assumptions: L-1 T------ 1 ! 1 ! ! ! 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
- . 
5. welts are screened in same hydrogeoiogic unit 

I I I 

6. Water bearing zone; aquifer exhibits primarily horizontal flow 1 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 
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VC-Shallow-Path B 

IBUSHECK AND ALCANTAR II 9951 CALCULATION OF --- 
FIRST ORDER DECAY RATE’AND’HALF LIFE 

~ 

I I I 

VC = retarded contaminant velocity 20.08/ft/vr 
slope = exponent of y intercept (k/v) 
k = first order decay rate (slope * v) 
t ,R= half life without dispersion 

Half-Life (using dispersivity) 

IL, = Plume Length 

Y = 25.383e-0-0245’ 
R'=0.9929 

100 150 200 250 

Distance (ft) 

Assumpttons: 1 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) I 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 
6. Water bearing zone; aquifer exhibits primariiy horizontai fiow I I 1 

1 I 
7. The empirical formula for c(~ had to be converted from meters to feet (Xu and Eckstein, 1995). 
8. The shaded areas are calculated by the spreadsheet. 
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VC-Shallow-Path C 

BUSHECK AND ALCANTAR (1995) CALCULATION OF 
FIRST ORDER DECAY RATE AND HALF LIFE 

l 100 
I ----_-_- ~-- 

Shallow--Site 73 
VC 

WELL DISTANCE (FT) CONC. (ug/L) 

- .- lR73-IS09 0 19 - 
IR73-IS14 150 0.5 

I --- 

Half-Life (no dispersivity) 

I I 

---.--_-_-t--l 

--. 

vF = retarded contaminant velocity 2tiT&G-i 
slope = exponent of y intercept (k/v) 
k = first order decay rate (slope * v) 
t IL? = half life without dispersion 

I 

Half-Life (using dispersivity) 
I I -I----! 

-l----I 
IL, = Plume Lennth I 300lft I 

. . 

y = ,9e-0.0243x 

R2=l 

Distance (ft) 

I--- 
Assumpttons: I I I I I I I -- 

I I I I I 
I. Wells are located along the groundwater flow wrce 

I I I 

2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 
8. ‘Water bearing zone; aquifer exhibits primariiy horizontai fiow / I I 

7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 
8. The shaded areas are calculated by the spreadsheet. 
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TCE-Deep-High K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF 

I ’ 

I I I I I I 1 
FIRST ORDER DECAY RATE AND HALF LIFE 

Deep - Castle Hayne, PATH A 
TCE __.-.-.- ----- -..- ..I- - . . . . . . . . . l.l.l.--- . . . . . . . . - . . . . __ ..-.. 1-...1... 

WELL DISTANCE (FT) CONC. (us/L) 

IR73-MW49DW 0 4600 
73-MW48DW 310 51 
IR73-MW47DW 550 1 

Half-Life (no dlsperslvlty) 
I 
I 

v, = retarded contaminant velocity 7.50 ft/yr 
slope = exponent of y intercept (k/v) 0.0153 l/ft 
k = first order decay rate (slope * v) 
t = half life without dispersion 

‘~~~~~~~~ 1 /y r t.:.:.:.:.:.:.:.:.:.:.::~~~ .:.:.:,, .:y :: 
1/Z? ~js~~~~~~~ yr 

~::.::::::::::::~,:.:.:.:.:.:~~:.~~.~~~,:~.::. 

10 

1 I , 

Half-Llfe (uslng dlspersivlty) 
I I i 1 

200 400 

Distance (ft) 

I I I 
Assumptions: 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) ---.--......I _. . ..__-_- _l....l..........l.. 

5. Wells are screened in same hydrogeologic unit 
6. Water bearing zone: aquifer exhibits primarily horizontal flow 

k- 
) I I I 

I The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 1 I. . . . . . - .--.................... .-..-..-..-....-.-.... .I______........ -_- _.__.l_l.....l.. - .I I..............._ - ._I._. ̂ . ..I._ . ..-.-. --..-.- - ..-- - . 
8. The shaded areas are calculated by the spreadsheet. 

y = 4947.4e'0.0'53X 

R2 = 0.9988 
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TCE-Deep-Low K 

Deep - Castle Hayne, PATH A 
TCE --...-I _- -..- - _......._..^_..I._ -_----.---- 

WELL DISTANCE (FT) CONC. (us/L) 

IR73-MW49DW 0 4600 
73-MW48DW 310 51 
IR73-MW47DW 550 1 

Half-Life (no dispersivity) 
I 

Half-Life (using dispersivity) 
I 

1 

200 400 

Distance (ft) 

-. _- . ..- .............. 
,I-I ---..- -. ............. ... .I.........-..- ....... 

Assumptions: 
, 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) _-..--ll__-.- - . . . . . . . I.._ . . . . . . . . --- .-....... -----.--.--.1...... -11.- . . . . . . . . . . --_...A.... . ..-. - . . . . . .....e-l......-l .-.. _ . . . . . . -.-.---.-- .-..... _.^ . . . . . . . . . . . . . . . . . ..I 
14. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 
6. Water bearing zone; aquifer exhibits primarily horizontal flow 1 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). __-_... 1----- .--..--_.-11..._.--_ -----._-- ...........IX_.. _- -____. __- ---1 .---.... .---.... - . . . .._ _._ . .._................... 
8. The shaded areas are calculated by the spreadsheet. 
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DCE-Deep-High K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF I I I I I I I 1 
FIRST ORDER DECAY RATE AND HALF LIFE 

I I I 
I 

Deep - Castle Hayne, PATH A 
DCE ___-.-.-.lll--- .-----.-- -........ ^ --..... -..1.- . . . . . -.. 

WELL DISTANCE (FT) CONC. (us/L) 

IR73-MW49DW 0 940 
73-MW48DW 310 46 
IR73-MW47DW 550 1 

~_~._~_~~~~~~~~~~~_____ _ ....-.I...^........ --..- --.-.-... --- . . . . 

I 1 

Half-Life (no dispersivity) 
I 
I I I 

v, = retarded contaminant velocitv 16.lOlft/vr 

I I I 

Half-Life (using dispersivlty) 

1-1.. __ll.._._._l -...---. - . . . . . . . . . . . . . . . . . . . . - . . . . . . . ~ 
b = Plume Length 

Long. Dispersivity cxL= 0.83(log 

100 

10 

y = 1199.1e~0.0'23X 

R*=0.9801 

1 

200 400 

Distance (ft) 

600 -. 

l-l 
. . . . 

Assumptions: 
l I I I I 1 

e from ONE source 
lation, volatilization, dilution, sorption, etc. 

1. Wells are located along the groundwater flow lin 
2. Half life incorporates all attenuation processes including biodegrac 
3 Data fits a linear pattern plotted on semilog plot (check fitness of lit .-:-.---e-w ~ ______......_._. - .l.l...... - --_-- . . . . 
4. PLUME !S STEADY STATe NOT TRANSIENT (NOT EX 
5. Wells are screened in same hydrogeologic unit 
6. 
7 The emoiricai formula for 01, had to be converted from meters to feet 

. . . ..-... --.- . .._ ??.R.squa!?!l.- ..-. -l-- 
:PANDiNG OR SHRINKING) 

-I- 
- 

-II- 
(Xu and Eckstein, i _I . . . T--“-......-T” 9951. . . ..- _... r...---- -..--- - -..-.--... -__-_-_-_ .-..--.. 

8. The shaded areG%?g?%%ted by the spreadsheet. 
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DCE-Deep-Low K 

IBUSHECK AND ALCANTAR fi995) CALCULATION 0~ I ’ I I I I I I I 
FIRST ORDER DECAY RATE‘AND’HALF LIFE I 

I I 
I 

Deep - Castle Hayne, PATH A 
DCE _--..-.. _~.--- _l_l-._.......-...- _ -.-...-.. --- _..___...... 1...- .-..- 

WELL DISTANCE (FT) CONC. @g/L) 

IR73-MW49DW 0 940 
73-MW48DW 310 46 
IR73-MW47DW 550 1 

I.-.- --.. I...- --.--I . . . . . . . . . . . . . . -.- -..-......-.. .c-..- . ..----... - . . . . . . . . . 4 . . . . . ..-....... _I 
I 

Half-Life (no disperslvity) 
I 

Iv, = retarded contaminant velocity 1 2.59lfthr I 
slope = exponent of y intercept (k/v) 
k = first order decay rate (slope l v) 
t 112 = half life without dispersion 

I 

Half-Life (using disperslvlty) 
I 

-_- .  .  .  .  .  .  .  .  .  .  - .  - - - I - -  .  .  .  .  I - . - . .  - . . . . . - -  - - - - - - . -  

Lp = Plume Length 500 ft 
Long. Dispersivity aL= 0.83(log 

1000 

100 

200 400 

Distance (ft) 

y = 1199.1e'0~0'23X 

R2 = 0.9801 

I-XJ~UI I lpu”, Ia. I I I I I 

I 
I, Wells are located along the groundwater flow line from ONE source 
2 Half life incoroorates all attenuation orocesses includina biodearadation. volatilization, dilution, sorntinn atr: 
3. Data-fits a linear pattern plotted on semilog plot (check fitness of line R squarr~)---_l~- -..---.- ....-..-I_......._..-. -- ___.____. _ . . . . . . . . -...-.--.-- 

. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
‘5. Wells are screened in same hydrogeologic unit 1 
6. Water bearina zone: aauifer exhibits orimarilv horizontal flow I 
17. The empirical formula for ~1~ had to be converted from meters to feet (Xu and Eckstein, 1995). I- -.I_ . ..I... -.-- _____^_..I......... -z-..-- .--_-..-_- - .....l.--...-.l.._ll. . . . . . . . . . . . ̂ ..I. _..- ..-I - -..--.. _-....._ .II. - . . ..I..._. - .--...... 1.1.. . ..-...- _....._ - ..I..... _..I . . . . . . 
8. The shaded areas are calculated by the spreadsheet. 
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VC-Deep-High K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF 
FIRST ORDER DECAY RATE AND HALF LIFE 

I I 
Deep - Castle Hayne, PATH A 

vc .WELL----.+.... . . . . . . . - .---- D,STANCE’~~ . 
CONC. (ugR) ---- 

- 

iR73-MW49DW 0 20 
73-MW48DW 310 1 
IR73-MW47DW 550 1 

Half-Life (no dispersivlty) 
I 
I I I 

v, = retarded contaminant velocity 22.81 Ift/vr 
slope = exponent of y intercept (k/v) 
k = first order decay rate (slope l v) 
t Ii2 = half life without dispersion 

I 

Half-Life (using dispersivity) 
I 

t 
--.- 

-t- 
.-._..- ..l.l.......ll - .._.I._. 

L, = Plume Lenath 
}- ..-. + -... 1 

first orderh 

y = 13.701e-0.005Bx 
R2=0.8106 

200 400 

Dlstance(ft) 

600 

I. I I I . 
ASSUmptIOnS: I I I 

I I I I 
1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) --.- .----....___ _-- . . . . . - . . . . . . ---- -.........I. --- . .._____________.__.....~.. -- __-- _ . . . ..- --~-.-.ll..ll.l.-..------_l_-I 
4 PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 
6. Water bearing zone; aquifer exhibits primarily horizontal flow 1 I 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). ..l.l...-.._ -.-.- LI_.._._........l - ~.~...~~__~~~~... - ..-- ----.- .e....___.....s......__....___ -.-. .-....................... . . ..I---..-.--. ~~~~~~~~_~.~~~~ ----l-.--.-ll--------.-..-- 
8. The shaded areas are calculated by the spreadsheet. 
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VC-Deep-Low K 

IBUSHECK AND ALCANTAR CALCULATION OF I ’ I I I I I I I 

I 

Half-Life (no dlsperslvity) 
I 
I I I 

v, = retarded contaminant velocitv 3.671ft/vr 
siope = exponent of y intercept (I&) 
k = first order decay rate (slope * v) 
t II2 = half life without dispersion 

I 

Half-Life (using dlsperslvity) 

-__-- -.l.--l._.... --..- . . ..__..-. - ._.. --- -----. 
Lp = Plume Length 500 ft 
Long. Dispersivity aL= 0.83(log Lp) 

2 414 ~~~.~~~~.?.~~~~~~?~Wl~ 
:w: .C.... x . . . . . . ..I.. ..,‘X .~~~i:~~~lS~~~~~~ f t , .,. 

first order h 
::~:~.:~:~~:::~:,...:~~...~ .>A:$ :::;::.:.~..:.:.:.~:.:::::,,,,~~~.~ , ly r \:::::::::g~~~;~., _._._ - . . . . . .._.... -;-.-“--.., .t,. , .zL _-___________._. 

t 
..-...T .~~~~.~~.~...~.~.~~.....~~. ~~?:~,~i5:~~:::::~~~,::l:“.:~ 

. = half life lncludlng dlspersron ..!E .I..........^ - -.--.....-.- . . ..^ - . . . . . . . . . . . . . ..-.. - -... - ..-. -. 
i~~~~~~~~~yr 
~...~.......~.........~.~....~...........:.... ..A s..! ---...... 

y = 13.701e'0.0058* 
R*=O.8106 

200 400 

Dlstance(ft) 

Assumptions: I I I I 
I I I I I I 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) __l__-._._.l.l.-_... ---.--__--- . . . . . . . . ..-.. - . ..-- - _________~____._...._ - . . . . . . . - .-... --.-..--^.I- . . . . ..-... -__---- -----.- 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are~screened in same hydrogeologic unit 
6. Water bearing zone; aquifer exhibits primarily horizontal flow ) I 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). .- -..--_-_- -^_---..-.-.__-_l_.- -... _l__l____..l_____. . . . . . . . . . . . . .._........... .- . . . . . .._.._. - ..-... . . . . . . ..--. --.- . . . -----I--- . ..- --.-.--- . . . . . . . . . . . . ,....... . . . . . II.._ . . . . . . 
8. The shaded areas are calculated by the spreadsheet. 
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TCE-Deep-High K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF I 1 I I I I 1 
FIRST ORDER DECAY RATE AND HALF LIFE 

I I 1000 

Deep - Castle Hayne 

WELL DISTANCE (FT) 

IR73-MW44DW 0 990 --.-.- 
73-DW03 100 220 

- IR73-MW39DW 200 45 .-.-- 
IR73-MW40DW 400 0.5 
73-DW04 440 0.5 -.- 
IR73-MW45DW 480 1 

Half-Life (no dispersivity) 
- 

E%arded contaminant velocity 1 7.50lftIvr I 
slope = exponent of y intercept 
k = first order decay rate (slope * v) 
&= half life without dispersion 

Half-Life (using dispersivity) -- 

L, = Plume Length 500 ft 

100 

10 

1 

0.1 

100 200 300 400 500 600 

Distance (ft) 

y  I ~012.7*40’~~~ 
R’ = 0.9607 

Assumptions: 

1. Wells are located alona the aroundwater flow line from ONE source 
2. Half life incorporates a! atteiuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 

15. We!!s are screened in same hydmgeo!ogic unit I 1 \ I 1 I 
I I 1 1 1 1 

6. Water bearing zone; aquifer exhibits primarily horizontal flow 1 1 1 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). -- 
8. The shaded areas are calculated by the spreadsheet. 

I I I I I 
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TCE-Deep-Low K 

BUSHECK AND ALCANTAR (1995) CALCULATION I ~- I I I I 1 
FIRST ORDER DECAY RATE AND HALF LIFE 

I 

IR73-MW45DW 1 480 1 
I I I 

[Half-Life (no dispersivity) 

v. = retarded contaminant velocitv 1.21 Ift/vr 
I 

1 ~ 1-r 

slope = exponent of y intercept (k/v) J 0.0165 [l/r? 
k = first order decay rate (slope * v) 

6cw&Gwpdy, . . , . .i 
~~~~~~~~~~ 1 lyr 

t ,,2= half life without dispersion :+w/x&~~$..<~. :.. .y ‘. \ ~~~~~~~~~~~ yr 
I i------ 
I I I 

I 
Half-Life (using dispersivity) 

I I 
I 

L, = Plume Lenath 
.&ng, Dispersiviy aL= 0.8’4/og L,)2.4’4 

first order f. 
t ,,2 = half life including dispersion 

100 

10 

1 

0.1 

0 100 200 300 400 

Distance (ft) 

500 600 

Y = ~0~2.7~~~~~~~~~ 

R2 = 0.9607 

Assumptrons: Assumptrons: I I I I I I I I 

I, Wells are located along the groundwater flow line from ONE source I, Wells are located along the groundwater flow line from ONE source 
2. Half life incoroorates all attenuation orocesses includina biodearadation. volatilization. dilution. sorotion. etc. 2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDlNG OR SHRINKING) 4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDlNG OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit 5. Wells are screened in same hydrogeologic unit 1 1 
6. Water bearing tone; aquifer exhibits primarily horizontal flow 1 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 

16. Water bearina tone: aauifer exhibits orimarilv horizontal flow 1 I I I I I I I I 
17. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 1 I I I I I __--- 
18. The shaded areas are calculated by the spreadsheet, 8. The shaded areas are calculated by the spreadsheet, 1 
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DCE-Deep-High K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF I I I I I I 

FIRST ORDER DECAY RATE AND 
I 1000 
I .---- - 

Deep - Castle Hayne 
DCE 

WELL IDISTANCE (FT) CONC. (ug/L) 
I 

I 
Half-Life (no dispersivity) 

I 

v, = retarded contaminant velocity 

I I 
Half-Life (using dispersivity) 

I I 

IL, = Plume Length1 I 5001ft / 

y = 437.85e’“.o”‘x 

R2 = 0.9958 

100 200 300 400 500 600 

Distance (ft) 

Assumptions: 

-- 
1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Wells are screened in same hydrogeoiogic Unit 

1 I I 

6. Water bearing zone; aquifer exhibits primarily horizontal flow 1 
7. The empirical formula for oL had to be converted from meters to feet (Xu and Eckstein, 1995). 
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DCE-Deep-Low K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF 

t-r 

-A. 1 I I I 1 
--.. 

FIRST ORDER DECAY RATE AND HALF LIFE _I --- 1000 

Deep -Castle Hayne 

WELL DISTANCE (FT) 

IR73-MW44DW 0 520 
- 

___~._ 
73-DW03 100 120 
IR73-MW39DW 200 46.5 
IR73-MW40DW 400 5 .--- 
73-DW04 440 3 

- IR73-MW45DW 480 2.5 .--- ---- 

Half-Life (no dispersivity) 

v, = retarded contaminant velocitv 

I I I 

Half-Life (using dispersivity) - - / 

100 

T 
3 
3 

s 
'G 
E 
E 
Y 
s 
0 

10 

1 

y t ~j37,85~‘~.~“‘~ 
R2 = 0.9958 

0 100 200 300 400 

Distance (ft) 

/Assumptions: 
/ L-----L- / , I I 
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VC-Deep-High K 

BUSHECK AND ALCANTAR (1995) CALCULATION OF 
FIRST ORDER DECAY RATE AND HALF LIFE I---- 

-. -.- 
I -t 100 

I 

Half-Life (no dispersivity) 

I I I 
Half-Life (using dispersivity) 

IL, = Plume Lenathl I 
Ling. Dispersivity aL = 0.83(log tP) 

2 414 

first order i. 
fin = half life including dispersion 

t 

1 I 

i -1 

200 300 400 

Distance (ft) 

y t 20.g76e-o~““~~X 
R’ = 0.9816 

Assumptions: 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 

14. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDlbJG OR SHRINKING) 
5. Wells are screened in same hydrogeologic unit I 
6. Water bearing zone; aquifer exhibits primarily horizontal flow 1 
7. The empirical formula for aL had to be converted from meters to feet (Xu and Eckstein, 1995). 
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VC-Deep-Low K 

[BUSHECK AND ALCANTAR (1995) CALCULATION OF ,---t--- ’ I I I I I 1 
FIRST ORDER DECAY RATE‘AND’HALF LIFE 

I --r---- I 
-. 

id73-MW45DW 
J 

480 0.5 

-- 
Half-Life (no dispersivity) --_ 

v, = retarded contaminant velocity 3.67 ftlvr - 
I I 

slope = exponent of y intercept (k/v) J 0.0085jlI~ 
k = first order decay rate (slope * v) 

mf.p?<p?44</~$y? v-2 , 
~~~~~~~~~~~~ 1 I y r 

t ,R = half life without dispersion 
~~~~~~~~~~~~ r - 

r “~~~~~.~::,I::-fY 
I _ ,,,.. I 

Half-Life (using dispersivity) 

L, = Plume Length 

Long. Dispersivity aL = 0.83(log Lp) 
first order i, 
t 02 = half life including dispersion 

200 300 400 

Distance (ft) 

y = 20.976e*"~oo85x 
R2 = 0.9816 

Assumptions: 

1. Wells are located along the groundwater flow line from ONE source 
2. Half life incorporates all attenuation processes including biodegradation, volatilization, dilution, sorption, etc. 
3. Data fits a linear pattern plotted on semilog plot (check fitness of line R squared) 
4. PLUME IS STEADY STATE; NOT TRANSIENT (NOT EXPANDING OR SHRINKING) 
5. Weiis are screened in same hydrogeoiogic unit 

I I I I 

6. Water bearing zone; aquifer exhibits primarily horizontal flow _L. -~-.-- -- --. 
7. The emoirical formula for a, had to be converted from meters to feet (Xu and Eckstein, 1995). 
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Regression Techniques and 
Analytical Solutions to Demonstrate 
Intrinsic Bioremediation 

Timothy E. Buscheck and Celia M. Alcanfar 

ABSTRACT 
It is now generally recognized that a major factor responsible for the 
attenuation and mass reduction of benzene, toluene, ethylbenzene, and 
xylenes (BTEX) in groundwater plumes is hydrocarbon biodegradation 
by indigenous microorganisms in aquifer material. Our objective is 
to apply well-known regression techniques and analytical solutions to 
estimate the contribution of advection, dispersion, sorption, and biodecay 
to the overall attenuation of petroleum hydrocarbons. These calculations 
yield an apparent biodecay rate based on field data. This biodecay rate 
is a significant portion of the overall attenuation in stable, dissolved 
hydrocarbon plumes. 

‘INTRODUCTION 

“Intrinsic bioremediation” is the degradation of organic compounds by 
indigenous microbes without artificial enhancement. Advection, dispersion, 
sorption, and decay each contribute to the overall attenuation of a dissolved 
hydrocarbon plume. The effect of advection is to transport dissolved contam- 
inants at the same rate as the groundwater velocity. The effect of dispersion 
is to spread contaminant mass beyond the volume it would occupy due to advec- 
tion alone, and reduce contaminant concentrations. The effect of sorption is 
to retard contaminant migration. These factors affect the configuration of dis- 
solved hydrocarbon plumes. Overall attenuation can cause a plume to shrink 
over +;~a ,~a+,= * ctnb!e p!umei or reduce the rate of plume migration. Two ..A...., _---.- - 1.- 
of the conditions for which intrinsic bioremediation is likely to contribute to 
the configuration of a contaminant plume are a shrinking plume and a stable 
plume. The configuration of a migrating plume can also be affected by intrinsic 
bioremediation Under the conditions of a shrinking plume, degradation mech- 
anisms are necessarily present. Intrinsic bioremediation also is likely to contribute 
to a stable plume, particularly if the source persists in residually contaminated 
soils at the water table. In this paper we couple the regression of concentration 



I versus distance for stable plumes to an analytical solution for one-dimensional, 
I steady-state, contaminant transport. The analytical solution includes advection, 

dispersion, sorption, and decay. 
Biological transformation is the process that likely contributes most to the 

decay of compounds such as BTEX. Several studies suggest the concurrent loss 
of electron acceptors from groundwater as an indicator of biodegradation 
(McAllister & Chiang 1994; Salanitro 1993). The mechanism of biodegradation 
is complex, and the rate is most likely controlled by the mixing of the contam- 
inant and electron acceptors in a three-dimensional, heterogeneous aquifer. The 
assumption of a first-order decay is a useful approximation of thii complex 
phenomenon. Evaluation of site data suggests apparent first-order attenuation 
rates occur in the range of 0.1 to 1.0% per day (Buscheck et al. 1993). 

The objective of this paper is to provide tools to assist in documenting the 
loss of contaminants. The regression techniques and analytical solution described 

i 
are intended to distinguish those mechanisms that contribute to contaminant loss. 

PLUME CHARACTERISTICS 

Shrinking Plume 

Dissolved hydrocarbon plumes may decrease in size, as observed by declining 
contaminant concentrations in monitoring wells. Exponential regression methods 
can be used to evaluate whether concentration versus time data fit a first-order 
decay observed for petroleum hydrocarbons under certain conditions. The solu- 
tion to the first-order decay is: 

C(t)= C,e -(k’) (1) 

Where C(t) (M/L3) is concentration as a function of time, t (T), Ci is the initial 
concentration at t = 0, and k is the first-order attenuation rate, T’. Equation (1) 
may be used to evaluate contaminant concentration versus time data for indi- 
vidual monitoring wells. 

Stable Plume 

A stable plume is characterized by dissolved contaminant concentrations 
remaining constant over time in individual monitoring wells. Short-term varia- 
tions in monitoring well concentrations due to water table fluctuation, variability 
in groundwater flow direction, sampiing variabiiity, and analytical uncertainty 
should be distinguished from statistically significant concentration changes. 
ln order for a plume to teach stable conditions, the rate of natural attenuation 
must be equal to the rate of contaminant addition to the aquifer from the source 
(McAllister & Chiang 1994). The contaminant source or influx rate is limited 
by the compound’s effective solubility and the flow rate of water through the 
source area (infiltration, fluctuating water table, etc.). 
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Kemblowski et al. (1987) recast equation (1) for concentration as a function 
of distance: 

-kX 

C(x)= Coe t ( 1 
(2) 

Where C, (hUL3) is the concentration at the source. The transformation of the 
exponential terms in equations (1) and (2) is achieved by substituting time, t, 
with distance traveled, x(L) divided by the linear groundwater velocity, v, (L/T). 
The term “x/vX” is the residence time forpore water to move some distance, x, 
from the source. The concentration versus distance regression is based on equa- 
tion (2). The groundwater flow direction is defined based on multiple monitoring 
events covering the hydrologic cycle. Six monitoring wells were selected along 
the groundwater flow path (see inset of Figure 1). A miniium of three monitor- 
ing wells are required for this analysis. In this case, contaminant concentrations 
declined with downgradient distance. Figure 1 plots benzene concentration 
versus distance for a terminal in Fairfax, Virginia. From the exponent of equa- 
tion (Z), the slope of the line in Figure 1 is k/v, (L-l), the reciprocal of the 
attenuation distance. If this slope is multiplied by groundwater velocity (L/T), 
we obtain k (T’). In the absence of a reliable estimate of groundwater velocity, 
the k/v, term is useful, particularly for estimating the downgradient extent of 
contaminant migration and selecting downgradient monitoring well locations. 

ANALYTICAL SOLUTION FOR A STABLE PLUME 

The general one-dimensional transport equation, with first-order decay of 
the contaminant, is given by the following equation: 

(3) 

Where D, (L2/T) is the dispersion coefficient, v, (L/T) is the linear groundwater 
velocity, R, (-) is the retardation coefficient, and J. (T’) is the total decay rate. 
The form of equation (3) assumes D, is constant and independent of distance, x. 
While the terms in brackets describe the mass transport by dispersion and advec- 
tion, respectively, the retardation coefficient characterizes the contribution of 
sorption. The form of this equation assumes degradation occurs in the aqueous 
zqd sorbed nFpgpc a+ tha CSI~P rab r- -zlnh.,.yzr *S.” k .I._. If bio!o@g! tresSCnrm*kinn n ff’R?~-i- A”AA*.~.A”AL “f “A Aa,\ C”lll 

-$iiiZ&curs primarily m the aqueous phase, the term “XC” would appear 
inside the brackets. 

Dispersion and advection are related by the longitudinal dispersivity, q (L), 
which has been described by empirical expressions (Fetter 1993). 
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The retardation coefficient (RJ accounts for contaminant partitioning between 
the solid and aqueous phases. R, describes the relationship between the linear 
groundwater velocity, and contaminant velocity, v, (L/T): 

Chiang et al. (1989) demonstrated that the contribution of volatilization to 
the dissolved contaminant attenuation was only 5% at one site. Except in the 
case of vev shallow groundwater, volatilization is not expected to contribute 
significantly to the overall attenuation. Therefore, volatilization iS neglected and 
the decay rate is assumed to be a measure of biodegradation of BTEX compounds. 

Bear (1’979) solved equation (3) for concentration. The steady-state solution 
is given as: 

(@ 

For the case in which decay occurs only in the aqueous phase, the contaminant 
velocity, v,, is replaced by the linear groundwater velocity, v,, in equation (6). 
As the decay rate (h) increases with respect to the other transport mechanisms, 
the concentration away from the source (x > 0), approaches zero because the 
material is decaying at a greater rate than it is being transported through the 
medium. Similarly, as the contaminant velocity increases, the decay becomes 
less effective in reducing concentrations as a function of distance. Retarded 
contaminants therefore have a greater opportunity to decay because retarded 
transport velocities favor biodegradation kinetics over transport (Domenico & 
Schwartz 1990). 

The exponential regression for concentration versus distance yields the recip- 
rocal of the attenuation distance, k/v, (L-l), previously shown in equation (2). 
Equations (2) and (6) are of the same form: 

C(x)= Co exp (mx) (7) 

The slope of the log-linear data is given by m. The one-dimensional, steady-state 
transport solution also describes the slope, m, of the log-linear data: 

(8) 

Therefore, the term k/v, and equation (8) both describe the slope of the log-linear 
data and can be equated to solve for the total decay rate, 1, a measure of intrinsic 
bioremediation. Dispersivity (a), contaminant velocity (v,), and k/v, are input 
to the following equation to calculate the decay rate. 
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(9) 

For the case in which decay occurs only in the aqueous phase, v, is replaced 
by v, in equation (9). 

RESULTS 

The results of equating the spatial regression with the steady-state analytical 
solution for the FairfaxTerminal are presented in Table 1. The values for source 
concentration (C,) and k/v, were regressed using the data plotted in Figure 1. 
Table 1 includes k and the ratio, h/k, the contribution of biodecay to the over- 
all attenuation rate (expressed as %). In Case 1, groundwater velocity was 
0.06 m/day, based on aquifer pump tests. Retardation was estimated as 2 and 
dispersivity was estimated as 7.5 m, approximately 5% of the flow field (distance 
separating the two furthest wells). In Case 1, A = 0.30%/day (0.0030 days-‘)’ 
h is 75% of k for this case. The next four cases were performed to evaluate the 
sensitivity of changing various input parameters. Ln each of these cases C, and 
k/v, remain constant. In Case 2, the groundwater velocity is reduced by a factor 
of two (v = 0.03 m/day), which reduces the decay rate by the same factor 
(L = O.l5%/day). In this case, only half the decay rate is required to maintain 
the Case 1 concentration decline with distance; as in Case 1, h is 75% of k in 
Case 2. In Case 3, the dispersivity is increased by ‘a factor of two (CI = 15 m) 
and h = 0.4O%/day. More decay is required with a larger dispersivity because 
more spreading of the contaminant occurs in the direction of groundwater flow; 
X is equivalent to k in Case 3. 

Cases 4 and 5 were performed to calculate h. assuming biodecay occurs only 
in the aqueous phase. This is accomplished by replacing v, with v, in equation 
(9) for h (R = 1 in Table 1 for Cases 4 and 5). Given this revised formulation, 
the decay rate, A, is independent of retardation. By limiting decay to the aqueous 
phase in Case 4, h = OAO%/day, twice the decay rate in Case 1. In Case 4, h 
is 150% of k. Case 5 is similar to Case 4, but dispersivity is reduced to 0.3 m. 
Ln Case 5, h = 0.4O%/day. Less decay is required with a smaller dispersivity 
because less spreading of the contaminant plume occurs in the direction of 
groundwater flow; 1 and k are identical in Case 5. 

c 
C 

8 
d 

SUMMARY 

Contaminant decay is the primary process contributing to a stable config- 
uration of a dissolved contaminant plume. Given a constant source, sorption 
and dispersion alone are not likely to account for a stable plume. Sorption only 
retards contaminant velocity, whereas dispersion results in further spreading I . . . .A ,I. I . . . r.-.-C\, 
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compounds) is the most significant mechanism that accounts for mass loss in 
a dissolved contaminant plume. The analytical solution for steady-state con- 
taminant transport can be equated to a regression of concentraiion versus djstance 
(expressed as k/v,) to solve for the decay rate, X. The decay rate is a measure 
of intrinsic bioremediation of petroleum hydrocarbons and can be used in more 
sophisticated models. 
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